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Abstract

Background DNA barcoding have been considered as a tool to facilitate species identification based on its simplicity and
high-level accuracy in compression to the complexity and subjective biases linked to morphological identification of taxa.
MaturaseK gene (MatK gene) of the chloroplast is very vital in the plant system which is involved in the group II intron
splicing. The main objective of this study is to determine the relative utility of the “MatK” chloroplast gene for barcoding
in 15 legume as a tool to facilitate species identification based on their simplicity and high-level accuracy linked to mor-
phological identification of taxa.

Methods and Results MatK gene sequences were submitted to GenBank and the accession numbers were obtained with
sequence length ranging from 730 to 1545 nucleotides. These DNA sequences were aligned with database sequence using
PROMALS server, Clustal Omega server and Bioedit program. Maximum likelihood and neighbor-joining algorithms were
employed for constructing phylogeny. Overall, these results indicated that the phylogenetic tree analysis and the evolutionary
distances of an individual dataset of each species were agreed with a phylogenetic tree of all each other consisting of two
clades, the first clade comprising (Enterolobium contortisiliquum, Albizia lebbek), Acacia saligna, Leucaena leucocephala,
Dichrostachys Cinerea, (Delonix regia, Parkinsonia aculeata), (Senna surattensis, Cassia fistula, Cassia javanica) and Scho-
tia brachypetala were more closely to each other, respectively. The remaining four species of Erythrina humeana, (Sophora
secundiflora, Dalbergia Sissoo, Tipuana Tipu) constituted the second clade.

Conclusion Moreover, their sequences could be successfully utilized in single nucleotide polymorphism or as part of the
sequence as DNA fragment analysis utilizing polymerase chain reaction in plant systematic. Therefore, MatK gene is con-
sidered promising a candidate for DNA barcoding in the plant family Fabaceae and provides a clear relationship between
the families.
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Introduction

Fabaceae is considering a large and economically vital
family of flowering plants which is usually known as the
legume family [1-5]. The Fabaceae family, which has over
490 medicinal plant species 730 genera flowering plants
and more than 19,400 species [5-9]. Documentation of
the Mediterranean legume crops depending on morpho-
logical characteristics has shown tricky and much impos-
sible [10-13]. So, using a DNA-based technique would
offer accurate knowledge and facilitate the discrimination
of the species. DNA barcoding is new, efficient, quick,
low-cost, and standard technique for the fast identification
and evaluation of plant and animal species based on DNA
sequence from a small fragment of the whole genome in a
rapid, accurate [14—18]. DNA barcoding can help to detect
species, quick identification of any species that are pos-
sibly novel to science and to report the essential ecologi-
cal and evolutionary questions as a biological instrument
[19-25]. DNA barcoding are frequently promoted for their
facility to enhance the accessibility of scientific informa-
tion and new knowledge to the public and non-specialists
[26, 27]. Short DNA sequences in DNA barcoding are
used to identify the diversity between plant and animal
species as molecular markers [28], also, it’s used in an
assignment the unknown samples to a taxonomic group,
and in-plant biodiversity documentation [29]. DNA bar-
coding is a potential tool to detect an error in identifying
species because similarity-based approaches using DNA
barcoding combined with morphology would solve the
misidentification based on morphology [30-32]. DNA
barcoding could help decrease the limitations of mor-
phological characteristics and hurry up plant and animal
species identification since it can detect the organisms at
any stage of growth. DNA barcodes are designed to cre-
ate a shared community resource of DNA sequence that is
used in the identification or taxonomic classification of any
organisms [33]. The usage of DNA barcodes as a tool for
plant/ animal identification is based on the establishment
of high-value reference databases of sequence [34] which
cannot always distinguish between closely related species
of land plants or fungi.

The MatK gene (1500 bp in length), located inside the
intron of the mitochondrially encoded tRNA lysinepro-
vided by HGNC (#rnK) and codes for maturase as protein,
which is involved in Group- II intron splicing, the trnK
intron of plants encodes the MatK open reading frame
(ORF). This gene has a high-level rate of substitution [3],
a huge proportion of difference at nucleic acid levels at
first and second codon place, and low transition and or/
transversion ratio and the presence of mutationally con-
served regions. Previous data were utilized to identify the
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molecular markers, which were used to identify the genus/
species of these taxa, to provide valuable information for
both conventional and molecular studies [11]. The current
study, target to evaluate the capacity and the efficiency of
MatK gene as normal plant barcode marker; documenta-
tion and identification of 45 plant specimens belonging to
15 species of Fabaceae plant species, and study the use-
ful annotation, homology modeling and sequence analysis
to permit an additional efficient use of these sequences
between different plant species.

Materials and methods
Plant materials

Forty-five samples (three replicates for each species), which
belonged to 15 species found in Fig. 1 were collected from
Antoniadis Garden's (N 29" 56" 55, E 18" 12’ 31), Alexan-
dria, Egypt between July 2019 to January 2020.

DNA extraction and sequencing of specimens

Total genomic DNA was extracted from fresh leaves tissue
by (i-genomic plant DNA extraction Mini kit @ iNtron bio-
technology, Berlin, Germany) corresponding to the protocol
linked to the Plant Genomic DNA Kit (iNtRON Bio Co.,
South Korea) as found in Fig. 2. PCR of the MatK regions
were conducted out in Techne Flexigene PCR Thermal
Cycler programmed for 30 cycles as follows: 94 °C/5 min
(1 cycle); 94 °C/45 s, 50 °C/45 s, 72 °C/45 s (30 cycles);
72 °C/7 min (1 cycle); 4 °C (infinitive). The designed com-
mon primers and reaction conditions of the MatK region is
F: 5-CGTACAGTACTTTTGTGTTTACGAG-3' (Tm, 53.9
and GC%, 40), R: 5'“-ACCCAGTCCATCTGGAAATCTTGG
TTC-3' (Tm, 60.4 and GC%, 48). The PCR products were
run on a 1.0% agarose gel utilizing 1X TAE buffer contain-
ing 0.5 ug/mL ethidium bromide for electrophoresis of PCR
products as found in Fig. 3. PCR products were purified
using Mini kit @ iNtron Biotechnology Purification kits
before being sequenced exploitation the dideoxynucleotide
chain termination method with a DNA sequencer (Applied
Biosystems® 3500 and 3500xL Genetic Analyzers) and a
BigDye Terminator version 3.1 Cycle Sequencing RR-100
Kit (Applied Biosystems). The sequences were submitted to
DDBJ/EMBL/GenBank database. Generic and species data
was achieved from the taxonomy database of the National
Centre for Biotechnology Information (NCBI).

Sequence analysis

The sequences results analysis was completed for the one
grouped dataset, this set contains all the plant species of



Molecular Biology Reports (2022) 49:5645-5657 5647

Fig. 1 showing difference between leaves in fifteen fabaceae plants secundiflora, (11) Leucaena leucocephala, (12) Enterolobium contor-
(1) Cassia fistula, (2) Cassia javinca, (3) Albizia lebbek, (4) Delonix tisiliquum, (13) Dichrostachys cinerea, (14) Acacia saligna and (15)
regia, (5) Senna surattensis, (6) Parkinsonia aculeata, (7) Schotia Dalbergia sissoo

brachypetala, (8) Tipuana tipu, (9) Erythrina humeana, (10) Sophora

Fig.2 Agarose gel electrophoresis for extracted DNA from samples secundiflora, (11) Leucaena leucocephala, (12) Enterolobium contor-
(1) Cassia fistula, (2) Cassia javinca, (3) Albizia lebbek, (4) Delonix tisiliquum, (13) Dichrostachys cinerea, (14) Acacia saligna and (15)
regia, (5) Senna surattensis, (6) Parkinsonia aculeata, (7) Schotia Dalbergia sissoo

brachypetala, (8) Tipuana tipu, (9) Erythrina humeana, (10) Sophora

Fig.3 Agarose gel electrophoresis for amplified samples by using the Erythrina humeana, (10) Sophora secundiflora, (11) Leucaena leu-
primer MatK for the samples (1) Cassia fistula, (2) Cassia javinca, cocephala, (12) Enterolobium contortisiliquum, (13) Dichrostachys
(3) Albizia lebbek, (4) Delonix regia, (5) Senna surattensis, (6) Par- cinerea, (14) Acacia saligna and (15) Dalbergia sissoo

kinsonia aculeata, (7) Schotia brachypetala, (8) Tipuana tipu, (9)
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Fabaceae for which the sequences are available in Gen-
Bank to find the inter-species and inter-generic variation.
Fabaceae species sequences of MatK were retrieved from
NCBI in Fasta format. Multiple sequence alignments of the
MatK gene were conducted from different species apply-
ing the PROMALS server [35], Clustal Omega server [36],
the BIOEDIT software [37] and MEGA-11 [38] which are
offline software that conducts optimal sequence alignment
to find the conserved area. The MEGA 11 software has
matured to contain a large collection of methods and tools
of computational molecular evolution for building time-
trees of species, pathogens, and gene families using rapid
relaxed-clock methods and estimating divergence times and
confidence intervals for node-dating and sequence sampling
dates for tip-dating analyses. Comparing to the greatest
alignment methods with development for distantly related
sequences the “PROMALS” is up to 30% more accurate.
Clustal Omega server is a new multiple sequence alignment
software that generates alignments between three or more
sequences using seeded guide trees and HMM profile-pro-
file methods. The “BIOEDIT” software is a user-friendly
biological sequences alignment editor that aims to provide
fundamental functions for editing, aligning, manipulating,
and analyzing protein sequences.

Molecular evolution and phylogenetic analysis

The Neighbor Joining method was used to deduce the evo-
lutionary narrative. Finding the topology and branch length
of the tree that will offer the best chance of detecting amino
acid sequence in current data is the approach for construct-
ing the phylogenetic tree using maximum likelihood. So, for

phylogenetic evaluation Mafft server [39], Clustal Omega
server and “MEGA-11" software were applied. MEGA was
used to analyze the sequencing data using the neighbor-join-
ing technique and Unweighted Pair Group Mean Average
"UPGMA." The “DNADIST” software of “PHYLIP” was
used to calculate distances. NJ plot was used to do boot-
strapping and decay analysis. MEGA determined parsimony
analyses and different clades.

Results
DNA extraction and PCR amplification

The quality of the obtained DNA was detected 1% agarose
gel electrophoresis. The results indicated that there is no
fragmentation was observed in extracted DNA. The quantity
of extracted DNA samples was determined by using Nan-
odrop Spectrophotometer and the concentration ranged from
30 to 50 ng/pl. The extracted DNA was directly used in PCR
amplification for the MatK gene recorded on fragment in
molecular weight (900 bp).

Development in DNA sequencing methods has allowed
us to describe the genomes of numerous organisms quickly.
Evaluations of the DNA sequences of several species are
providing useful knowledge about their taxonomy, gene
makeup, and utilization. In the current study using DNA
sequence polymorphisms of the chloroplast, MatK gene is
much more variable than many other genes. From Fifteen
plant species belong to different genera of the same fam-
ily Fabaceae as found in Table 1. In this data we organ-
ized a study to contribute to the knowledge of the major

Table 1 Fifteen taxa, their
families, and the sequence
length (bp), assigned Accession
numbers, number of conserved

regions and average Entropy
(Hx) of each plant were used in
this study
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Species Isolate Length (bp) Accession number Number of Average
conserved Entropy
region (Hx)

Acacia saligna SRO1 714 LC602060 15 0.0000

Albizia lebbeck SR02 788 LC602154 16 0.0000

Cassia fistula SRO3 854 LC602263 14 0.0000

Cassia javanica SR04 845 LC603347 14 0.0068

Dalbergia sissoo SRO5 763 LC603655 13 0.0354

Delonix regia SR06 864 LC603845 18 0.0000

Dichrostachys cinerea SR0O7 866 LC603846 22 0.0119

Enterolobium contortisiliquum SRO8 856 LC603847 19 0.0204

Erythrina humeana SR09 781 LC604717 13 0.0028

Leucaena leucocephala SR10 820 LC604718 15 0.0203

Parkinsonia aculeata SR11 838 LC605994 15 0.0000

Schotia brachypetala SR12 856 LC604799 21 0.0119

Senna sulfurea SRI13 853 LC605995 17 0.0074

Sophora secundiflora SR14 749 LC606468 16 0.0139

Tipuana tipu SR15 787 LC606469 18 0.0353
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evolutionary relationship between the studied plant genus .
and species (clades) and discussed the application of MatK
for molecular evolution. The chloroplast MatK marker was S
more useful as DNA markers. The present study included = <
fifteen species from fifteen genera are deposited in Gen-
Bank; accession numbers were obtained for the respective ==
plant species with different numbers of conserved domains, @ z =
segment length and average entropy (Hx) (Table 1).
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Phylogenetic analysis of collected plants
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Numerous sequence alignments showed that there are - e - - -
varying numbers of “Indels” in the gene MatK. Using the R
neighbor-joining method, UPGMA and maximum likeli- - 28I 8=
hood, the evolutionary distances for the 15 plant species - ST e ~-°
were recognized into individual clades. The alignment of c o o a o o
MatK gene of Acacia saligna nucleotide sequences showed - § § § § § §
15 conserved regions, 769 variable sites and 571 parsimony
sites, the overall mean distance is 2.85 (Table 2). The com- Sregersy
bined tree showed two groups or cladograms and they are - 233 z228
represented as follows: Group I include Acacia saligna was
closely related to different species belonging to other genera Tsx88888
of the same family (Fabaceae) such as Enterolobium, Para- ~ S 2822222
rchidendron, Archidendron, Samanea, Hydrochorea, Balizia
and Abarema (Fig. 4). Also, Acacia comprising other spe- 82xs838888S8
. .. . . . 8 e ac o e e
cies were closely arranged but distinguished into different 5 |e — S S S = = = = =
genera such as Falcataria, Pararchidendron and Lacacia. &
In addition, the aligned MatK dataset was 793 nucleotide 2 =83 § § 2x3%88
sites long, of which 102 sites were potentially parsimony 2| ST e e -~
informative. Consequently, Enterolobium contortisiliquum g 4t oMo g oo oo o
is more closely related to different species of genus Acacia E 938238288888
. . o . . 5 | < SSS 3338 =<3 ==
according to phylogenetic analysis using maximum likeli- °
hood (Fig. 4). The length of MatK varies from 750 bp in g e % o006 oo oo oo
Q
Albizia lebbek (the smaller length of MatK gene for these = 3 E 3 E § § § g 8 § 8 8
. . . . . . gl - - - - - -
species is due to incomplete sequencing, which was retrieved a
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from GenBank) to 813 in different genera (Enterolobium, g cavovaoc o099 99
. . R o S S 0 OSSO S D
Acacia, Senegalia, Cojoba, Samanea, Hydrochorea, Balizia 2 la SzZzZeg8zSssc=228
and Abarema). Maximum likelihood and Neighbor-joining &
. . . 8
analysis of the dataset resulted in tree with two groups. g sgegsgsgssgsgsgss
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The clades established in the trees were mainly mixtures of g | — B e e
numerous species. Consequently, creating a local barcode Z
database will be useful for a broad range of potential eco- 2 é’
logical purposes, involving the building of community phy- E 2 s
logenies [40]° Group I have three clusters comprising several 2 N % ~ ~ >
.. . . . 2 . = & >
genera (Albizia, Enterolobium, Mariosousa, Archidendron, = O & § 2= EE &
.. . = ) LB S
Samanea, Balizia, and Abarema). Otherwise, group II has 2 S § g g §92 1 SRS E g -
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one genera acacia which is the most closely related to our @ ES5 g9 T3 S583 329
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plant Albizia lebbeck according to MatK gene partial cds S S¢ss 232533588
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Acacia saligna SR01 chloroplast matK gene for maturase K partial cds i
Acacia saligna maturase K (matK) gene complete cds chloroplast
Acacia senegal voucher RFsp2a maturase K (matK) gene partial cds chloroplast
Cathormion umbellatum trnK gene partial sequence and maturase (matK) gene complete sequence chloroplast genes for chloropl
Samanea tubulosa voucher Bonadeu F. 767 (RB) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloropl;
Samanea saman chloroplast trnK gene intron sequence and maturase-like sequence
Enterolobium cyclocarpum voucher FBL03100 maturase K (matK) gene partial cds chloroplast
Falcataria moluccana voucher Ambri and Arifin W826A maturase K (matK) gene complete cds chloroplast
Archidendron cf. dalatense CM-2015 chloroplast matK gene sequence
Archidendron poilanei chloroplast matK gene sequence
Acacia pachycarpa tmK gene partial sequence and maturase (matK) gene complete sequence chloroplast genes for chloroplast pt
Abarema centiflora voucher Steinbach R.F. 538 (NY) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chlor
Abarema gallorum voucher Grimes J.W. 3338 (NY) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloro
Abarema cochleata voucher Bonadeu F. 673 (RB) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloropl
Balizia sp. Morim 577 voucher Morim M.P.577 (RB) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloroj
Abarema zolleriana voucher Bredlove 35280 (NY) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloropl:
Abarema villosa voucher Lima6549 tRNA-Lys (tmK) gene intron and maturase K (matK) gene complete cds chloroplast
Abarema leucophylla voucher Iganci J.R.V. 839 (NY) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chlor
Abarema langsdorffii voucher Ribeiro R.D. 728 (NY) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloro
Chloroleucon mangense voucher CANB 615623 JM364 tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene comp
Chloroleucon mangense voucher UNAM:PB-CIECO 1667 maturase K (matK) gene partial cds chloroplast
Mariosousa russelliana voucher T. R. Van Devender 94-828 tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds|
Albizia odoratissima chloroplast complete genome
Acacia hemiteles chloroplast partial genome isolate 495HEM

| Falcataria moluccana voucher 14CS8092-KUN plastid complete genome

Acacia murrayana chloroplast partial genome isolate 322MUR

Pararchidendron pruinosum voucher Yi14581-KUN plastid complete genome
Pararchidendron pruinosum chloroplast complete genome
Acacia sibina chloroplast partial genome isolate 005SIB
LAcacia longiphyllodinea chloroplast partial genome isolate 618LON
Acacia lasiocalyx chloroplast partial genome isolate 615LAS
Acacia kochii chloroplast partial genome isolate 021KOC

croup I

—
4{

Acacia scleroclada chloroplast partial genome isolate 015SCL
Acacia restiacea chloroplast partial genome isolate 619RES
Acacia scalena chloroplast partial genome isolate 507SCA
Acacia exocarpoides chloroplast partial genome isolate 621EXO
Acacia erinacea chloroplast partial genome isolate 567ERI
Acacua acuaria chloroplast partial genome isolate 496ACU
Acacia acanthoclada subsp. glaucescens chloroplast partial genome isolate 568
Acacia exocarpoides chloroplast partial genome isolate 011EXO
Enterolobium contortisiliquum SR08 chloroplast matK gene for maturase K parti

Albizia myriophylla chloroplast matK gene for maturase K complete cds
-
group 111

group 11

Senegalia pennata subsp. insuavis chloroplast matK gene for maturase K partial cds specimen voucher: KYUM JPN :22
Albizia corniculata chloroplast matK gene sequence

Albizia lebbeck SR02 chroloplast matK gene for maturase K partial sequence

Albizia zimmermannii voucher OM2363 maturase K (matK) gene partial cds chloroplast

Samanea saman voucher C.E. Hughes 421 (FHO) maturase K (matK) gene complete cds chloroplast .
| g o ‘ 7

L| Enterolobium contortisiliquum trK gene partial sequence and maturase (matK) gene complete seq
Enterolobium cyclocarpum maturase K-like (matK) gene partial sequence chloroplast gene for chlor

050

Fig.4 Phylogenetic tree analysis and the evolutionary distances
of Acacia saligna, Albizia lebbeck and Enterolobium contortisi-
liqguum were computed using the Maximum Likelihood tech-
nique using nucleotide sequences of the MatK gene. This analysis

Furthermore, depending on the phylogenetic analysis,
the two genera Cassia and Senna with different species
are closely related and more highly similar than any other
studies species (Fig. 5). The phylogeny tree was created
using the neighbor-joining approach and the evolutionary
distances were calculated employing the maximum com-
posite likelihood approach. The combined trees showed
that there are two groups, and they are as follows: Group
I consisted of five clades representing different genera
with different species such as (Chamaecrista, Senna, Ery-
therophleum, Arapatiell and Dinizia). Group Il showed
two branches: each one with many sub-branches contain-
ing five clades with different species of the genus Senna.
According to MatK gene sequence, the collected plants
(Cassia fistula and Cassia javanica) revealed a high per-
centage of identity with different 7 species of genus senna
having the same clade (Fig. 5). Also, they are closely
related to other different species of Erytherophleum,
Arapatiell. On another hand, the sequence of MatK gene
of collected Senna surattensis species has a high degree
of similarity with many species in different genera in
Fabaceae (Fig. 5), and consequently, this species is used
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involved 49 nucleotide sequences. Codon positions included were
Ist+2nd + 3rd + Noncoding. All ambiguous positions were removed
for each sequence pair (pairwise deletion option). There were a total
of 856 positions in the final dataset

as a template to estimate the similarity between different
species in Fabaceae family.

Nevertheless, the Delonix regia is the more studied spe-
cies having a good similarity to different species of differ-
ent genera of the Fabaceae family. Polymorphism obtained
from the DNA sequence indels or replacements of the MatK
gene indicated that Delonix regia, Umtiza listeriana, Dip-
tychandra aurantiaca, Moldenhawera blanchetiana, Schi-
zolobium parahyba, Tachigali costaricensis, Arapatiella
psilophylla and Parkinsonia Africana were evolved from
a Common ancestor (Fig. 6). In addition, Dichrostachys
cinerea is closely related to different species of genera Leu-
caena, Senegalia, Falcataria and prosopis (Fig. 6). Further-
more, applying the same incremental method of informative
sites starting at the 5/-end of the MatK gene, completely
different results were found. The consensus tree of 15 most
parsimonious trees demonstrated unresolved clades until
250 informative sites. At that point, 1 highly parsimonious
tree was created, which was congruent with the topology of
the stable tree achieved from the 3/-end. To recognize the
greatest DNA barcode marker for species documentation
and traceability, the value of genetic divergence for all the
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Table 3 The estimation of evolutionary divergence between fifteen studied species

14

13

12

11

10

1. Acacia saligna SRO1
2. Albizia lebbeck SR02
3. Cassia fistula SRO3

0.0261
0.0510
0.0497
0.1445
0.0390
0.0301
0.0142
0.1818
0.0261
0.0594
0.1159
0.0666
0.0978
0.1241

0.0626
0.0586
0.1485
0.0484
0.0401
0.0252
0.1960
0.0334
0.0865
0.1282
0.0788
0.0967
0.1356

0.0096
0.1293
0.0429
0.0442
0.0687
0.1852
0.0583
0.0657
0.0998
0.0278
0.0931
0.1187

4. Cassia javanica SRO4C

5. Dalbergia sissoo SRO5
6. Delonix regia SRO6

0.1281
0.0432
0.0420
0.0612
0.1834
0.0521
0.0636
0.0947
0.0267
0.0872
0.1192

0.1329
0.1382
0.1425
0.1955
0.1319
0.1533
0.1594
0.1431
0.0903
0.0641

0.0471
0.0580
0.1721
0.0419
0.0465
0.1169
0.0605
0.0900
0.1186

7. Dichrostachys cinerea SRO7

0.0427
0.1783
0.0368
0.0689
0.1166
0.0529
0.0981
0.1203

8. Enterolobium contortisiliquum SRO8

9. Erythrina humeana SR09

0.1916
0.0396
0.0790
0.1257
0.0778
0.1043
0.1342

0.1814
0.1995
0.2082
0.1959
0.1465
0.1813

10. Leucaena leucocephala SR10

0.0779
0.1342
0.0763
0.1040
0.1167

11. Parkinsonia aculeata SR11
12. Schotia brachypetala SR12

13. Senna sulfurea SR13

0.1267
0.0823
0.0946
0.1490

0.1157
0.1184
0.1504

0.1059
0.1348

14. Sophora secundiflora SR14

15. Tipuana tipu SR15

0.0725

confirmed loci were calculated in each analyzed group at
dissimilar taxonomic level and by considering only fresh
morphologically identified samples. Results indicated the
species of Delonix regia, Parkinsonia aculeata and Leu-
caena leucocephala are more like other species of the same
genus and less similar to species of other genera of the
Fabaceae family (Fig. 6). This reflected that the Parkinso-
nia aculeata was closely related and in the same clade with
Schizolobium parahyba, Diptychandra aurantiaca, Delonix
regia, Conzattia multiflora and Colvillea racemose (Fig. 6).

The current sequences showed little variations in the per-
centage of guanine plus cytosine content (% G+ C) related
to that in the sequences of MarK. In case of MatK, the nucle-
otide structure was biased toward the guanine and cytosine
content (G + C) with frequencies were 30.4 to 34.8%, respec-
tively. The NJ, ML, and MP analyses all resulted in compa-
rable trees in each of the data sets. There are often variations
between the trees from the various analyses involving non-
resolution (polytomies). Analyses carried out on samples
belonging to Parkinsonia aculeata, Schotia brachypetala,
Sophora secundiflora and Tipuana Tipu indicated that the
sequences divergences of marker MatK were clearly distin-
guished from other species of Fabaceae. Figures 7 showed
phylogenetic clusters constructed using ML and NJ; The
difference observed in MatK does separate several species;
however, there is a wide range of intra- specific and inter-
specific variation. Furthermore, On the Neighbor-Joining
Phylogram, the Schotia group is a sister taxon to the Mac-
rolobium group and this observation is found in 50% of the
most clade in this cladistic analysis (Fig. 7).

The last two members i.e., Sophora secundiflora and Tip-
uana Tipu produced an independent clade and confirmed the
ambiguous position relative to the other genera of Fabaceae
based on the combined cladistic analysis data from chlo-
roplast DNA restriction sites and morphology. Sophora
secundiflora shared a common ancestor with Angyloca-
lyx braunii, Zollernia splendens, Ormosia xylocarpa and
Dermatophyllum secundiflorum. Also, Tipuana Tipu is in
the same clade with different species of two genera Cen-
trolobium and Pterocarpus (Fig. 7). Additionally, highly
Fabaceae species in the current research were detected to
have a unique sequence in the MatK gene. These results will
offer a valuable way to authenticate various MatK species.
MatK sequence created in this analysis will be applied to
construct reference sequence libraries, and the sequences
extracted from samples with particular identity classifica-
tions will be utilized to search the database.

Lastly, utilizing BLAST1 and the closest genetic distance
approach, we will be able to define the species identities
of the query sequences based on these data. In the dataset
of MatK, the nearest genetic distance approach achieved
99.68% to 96.45% identification accomplishment rates at
the species level for “BLAST1” and distance discrimination
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Chamaecrista polystachya voucher HUEFS:Rando 1150 tRNA-Lys (trnK-UUU) gene partial sequence and maturase K (matK) gene como|
Chamaecrista scleroxylon voucher HUEFS:Rando 1205 tRNA-Lys (trnK-UUU) gene partial sequence and maturase K (matK) gene cc
Chamaecrista xinguensis voucher HUEFS:Rando 1208 tRNA-Lys (trK-UUU) gene partial sequence and maturase K (matK) gene compls
Chamaecrista onusta voucher Conceicao 800(HUEFS) tRNA-Lys (tmK) gene intron and maturase K (matK) gene partial cds chloroplast
Chamaecrista amorimii voucher Conceicao 795(HUEFS) tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloro|
Andira aubletii voucher Cardoso 3450(HUEFS) tRNA-Lys (tmK) gene intron and maturase K (matK) gene complete cds chloroplast
Vouacapoua macropetala voucher Breteler 13793 (WAG) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete
Batesia floribunda voucher Grenand 3032 (CAY) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds chlor
Batesia floribunda voucher Sabatier 4774 tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloroplast
Recordoxylon speciosum voucher Redden 5983 (US) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Melanoxylon brauna voucher Lopes Andrall 113 (K) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds chlj
Jacqueshuberia brevipes voucher Redden 1240 (US) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cc'
Cassia leptophylla voucher Queiroz 12555 (HUEFS) tRNA-Lys (trmK) gene intron and maturase K (matK) gene complete cds chloroplas
Senna cana voucher HUEFS:Queiroz 9178 tRNA-Lys (trnK-UUU) gene partial sequence and maturase K (matK) gene complete cds chloi
Senna alata voucher Bruneau 1076 (K) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds chloroplast(2)
Senna obtusifolia voucher Li ZY Fu LZ Xu SZ Fu JG 13428 tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete
Senna lindheimeriana voucher M F Wojciechowski 1275 (ASU) maturase K (matK) gene complete cds chloroplast(2)
Senna bauhinioides maturase-like protein (matK) gene complete cds chloroplast(2)
Senna candolleana tRNA-Lys (trK) gene intron and maturase-like protein (matK) gene complete cds chloroplast(2)
Senna bicapsularis voucher Li ZY Xiang XG Xu SZ 201509183 tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene partial
Senna tora chloroplast complete genome
Senna siamea chloroplast complete genome
Senna spectabilis voucher $200009 chloroplast complete genome
Cassia javanica var. indochinensis voucher M dePompert 48 ASU maturase K (matK) gene complete cds chloroplast
Cassia grandis voucher Smith 2061 (MY) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Cassia javanica chloroplast matK gene sequence
Cassia fistula isolate JD-018 maturase K (matK) gene partial cds chloroplast
Cassia fistula voucher Fougere 5 (MT) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Bauhinia bracteata voucher USF:Maxwell s.n. tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloroplast
Cassia fistula SR03 chroloplast matK gene for maturase K partial sequence
Senna sulfurea SR13 chloroplast matK gene for maturase K partial sequence
Senna obtusifolia voucher Li ZY Fu LZ Xu SZ Fu JG 13428 tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene compl
Senna alata voucher Bruneau 1076 (K) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Senna cana voucher HUEFS:Queiroz 9178 tRNA-Lys (tmK-UUU) gene partial sequence and maturase K (matK) gene complete cds ch)
Senna candolleana tRNA-Lys (trnK) gene intron and maturase-like protein (matK) gene complete cds chloroplast
Senna lindheimeriana voucher M F Wojciechowski 1275 (ASU) maturase K (matK) gene complete cds chloroplast

croup I

Cassia fistula maturase K (matK) gene partial cds chloroplast

Cassia javanica maturase K (matK) gene partial cds chloroplast

Senna alata maturase K (matK) gene partial cds chloroplast

Senna sophera maturase K (matK) gene partial cds chloroplast

Senna auriculata maturase K (matK) gene partial cds chloroplast

Senna sulfurea maturase K (matK) gene partial cds chloroplast

Senna tora maturase K (matK) gene partial cds chloroplast

— Senna macranthera isolate PEEA126 maturase K (matK) gene partial cds chloroplast(2)
Senna macranthera isolate PEEA126 maturase K (matK) gene partial cds chloroplast

Senna obtusifolia maturase K (matK) gene partial cds chloroplast

4,7 Senna tora isolate ST4 maturase K (matK) gene partial cds chloroplast

Senna

Senna bauhinioides maturase-like protein (matK) gene complete cds chloroplast
— Cassia javanica SR04C chloroplast matK gene for maturase K partial sequence
L— Cassia leptophylla voucher Queiroz 12555 (HUEFS) tRNA-Lys (trmK) gene intron and maturase K (matK) gene complete cds chloropla

Cassia brewsteri voucher Yi14786-KUN plastid complete genome
voucher S200009 chloroplast complete genome(2)
Senna siamea chloroplast complete genome(2)

Senna tora chloroplast complete genome(2)

group Il

group 111

sroup 1V

Senna obtusifolia chloroplast complete genome

Fig.5 Phylogenetic tree analysis and the evolutionary distances
of Cassia fistula, Cassia javanica and Senna surattensis using the
Neighbor-Joining technique using nucleotide sequences of the MatK
gene. The tree is drawn to scale, with branch lengths measured in

methodology, respectively, with no equivocal identification
at the genus level. The planned barcoding portion of MatK
is about 760 base pairs in Fabaceae. The phylogenetic tree
(Fig. 8) consists of two clades, the first clade comprising
(Enterolobium contortisiliquum, Albizia lebbek), Acacia
saligna, Leucaena leucocephala, Dichrostachys Cinerea,
(Delonix regia, Parkinsonia aculeata), (Senna surattensis,
Cassia fistula, Cassia javanica) and Schotia brachypetala
were more closely to each other, respectively. The other four
species of Erythrina humeana with Sophora secundiflora
and (Dalbergia Sissoo, Tipuana Tipu) constituted the sec-
ond clade.

Discussion

Because plant genomes include several copies of MatK
sequences, it's unclear if the sequence obtained by PCR
will be balanced and representative [41]. As a result,
we suggest MatK as a potential barcode sequence in the
Fabaceae family, as well as a wider range of plant spe-
cies. Utilizing MatK as a DNA barcode would extend our

@ Springer

the number of substitutions per site with the highest log likelihood
(— 16,447.32). This analysis involved 55 nucleotide sequences and
there were a total of 854 positions in the final dataset

knowledge of phylogenetics and population genetics in
Fabaceae species as reviewed by [42—45]. We also recom-
mend that MatK be used as a DNA barcode sequence to
overcome difficulties in Fabaceae genus and species cat-
egorization [44, 46]. MatK might serve as a starting point
for quality control and assurance of plant materials uti-
lized in research, manufacturing, customs, and forensics.

The MatK was discovered to be a necessarily variable
DNA region between Fabaceae species as determined by
genetic divergences, and it demonstrated a greater poten-
tial of effective discrimination. MatK can be a powerful
taxonomic marker for identifying species and resolving
taxonomic issues [30, 32, 41]. For instance, the MatK
sequence of Enterolobium contortisiliquum is highly like
Albizia lebbek, so our results indicate that in the genus
Cassia, in which the species were poorly graded, MatK
was still able to distinguish among some confusing spe-
cies[47]. The evolutionary distances for the 15 plant spe-
cies that were separated into distinct clades were analyzed
using the maximum likelihood and neighbor-joining meth-
ods, which discriminated most of the species better than
previous techniques [48].
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Leucaena retusa maturase-like protein (matK) gene complete cds chioroplast

Leucaena greggil voucher FHO:Hughes 695 19/86/01 maturase K (matK) mRNA complete cds chioroplast

Leucaena SR10 matK gene for K partial —‘

Leucaena leucocephala maturase K (matK) gene partial cds chloroplast

Leucaena pulverulenta voucher FHO:Hughes 1058 84/87/05 maturase K (matK) mRNA complete cds chloroplast

Leucaena diversifolia voucher FHO:Hughes 1693 82/92/02 maturase K (mati) mRNA complete cds chioroplast
like protein (matk) gene complete cds chioroplast

Mimozyganthus carinatus voucher M. Luckow 4484 (BAB BH) tRNA-Lys (trnK) gene intron and maturase K-like (matK) gene complete seq

{Nmonn buchananii maturase K-like (matK) gene partial sequence chloroplast gene for chloroplast product

Newtonia hildebrandtii voucher Maurin OM2457 (JRAU) maturase K (matK) gene complete cds chioroplast

Plathymenia reticulata voucher Queiroz 15688 (HUEFS) maturase K (matK) gene complete cds chloroplast
Parkia speciosa maturase K-like (matK) gene partial cl plast gene for
Parkia biglandulosa maturase K-like (matK) gene partial

product
gene for product
Parkia multijuga voucher Klitgaard 697 (K) tRNA-Lys (trmK) gene partial sequence and maturase K (matK) gene complete cds chioroplast

.{Manosausa russelliana voucher T. R. Van Devender 94-828 tRNA-Lys (tmK) gene intron and maturase K (matK) gene complete cds chior}

Acacia willardiana maturase-like protein (matk) gene complete cds chloroplast
Mariosousa millefolia voucher DS14858 tRNA-Lys (tmK) gene intron and maturase K (matK) gene complete cds chioroplast
Pseudopiptadenia bahiana tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Pseudopiptadenia contorta voucher Queiroz 15582 (HUEFS) maturase K (matK) gene complete cds chloroplast
Parapiptadenia zehntnen voucher Queiroz 15692 (HUEFS) maturase K (matK) gene complete cds chloroplast
Parapiptadenia pterosperma voucher E. Tameirao 2458 (NY) tRNA-Lys (imK) gene partial sequence and maturase K (matK) gene compig
— Prosopidastrum globosum voucher Luckow sn (BH) maturase K (matK) gene complete cds chloroplast

{ D cinerea SR07 matK gene for K partial
Dichrostachys spicata maturase K-like (matK) gene partial gene for product
Dichrostachys unijuga maturase K-like (matK) gene partial gene for product
Calliandropsis nervosus maturase K-like (matK) gene partial plast gene for product
I Gagnebina pterocarpa maturase K-like (matK) gene partial gene for product
Dichrostachys richardiana maturase K-like (matK) gene partial cl plast gene for product

K-like (matK) gene partial gene for ci plast product
Alantsilodendron pilosum maturase K-like (matK) gene partial gene for product
Alantsilodendron humbertii maturase K-like (matK) gene partial gene for product
Gagnebina pervilleana maturase K-like (matK) gene partial gene for product
«{» Gagnebina bernieriana maturase K-like (matK) gene partial gene for product
Gagnebina bakoliae maturase K-like (matK) gene partial gene for product
Parkinsonia aculeata SR11 chioroplast matK gene for K partial <

Parkinsonia aculeata maturase-like protein (matK) gene complete cds chloroplast

i 1279 (ASU) K (matK) gene complete cds chloroplast

Parkinsonia praecox voucher Pennington 741 (E) tmK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Parkinsonia florida tRNA-Lys (trmK) gene intron and maturase-like protein (matK) gene complete cds chloroplast

Cercidium andicola voucher R. Fortunato 7638 (BAB BH) tRNA-Lys (trmK) gene intron and maturase K-like (matK) gene complete seqy

voucher M F V

Delonix regia SR06 chioroplast matK gene for K partial el
Delonix regia voucher Archambault 3 (MT) tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds chloropld
Delonix boiviniana voucher Bruneau 1378 (S) trnK gene partial sequence and maturase K (matK) gene complete cds(2)

croup 1

Delonix boiviniana voucher Bruneau 1378 (S) trK gene partial sequence and maturase K (matK) gene complete cds
Lemuropisum edule voucher Phillipson 3460 (K) tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds c!
Delonix elata voucher Herendeen 20-XIl-97-1 (US) tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds
Delonix floribunda voucher Bruneau 1405 (S) tmK gene partial sequence and maturase K (matK) gene complete cds
Delonix pumila voucher Bruneau 1394 (S) tmK gene partial sequence and maturase K (mat) gene complete cds
Delonix velutina voucher Anne Bruneau 1349 (MT) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds
Colvillea racemosa voucher Yi14525-KUN plastid complete genome
Parkinsonia africana voucher Yi15010-KUN plastid complete genome

group II

group 111

Piptadenia communis chloroplast complete genome
Senegalia senegal chloroplast complete genome

L[ Parkia javanica chloroplast complete genome

010

Fig.6 Phylogenetic tree analysis and the evolutionary distances of
Leucaena leucocephala, Dichrostachys Cinerea, Delonix regia and
parkinsonia aculeata using the Neighbor-Joining technique using
nucleotide sequences of the MatK gene. This analysis involved 73

The identification by MatK region paired with morpho-
logical recognition 100% to species (Fig. 1) level; for the
set of plants studied, it appears to be an accurate approxi-
mation of species identification using this one locus. Short
sequence, universality, and unique identifiers are three
features of a common barcode [48, 49]. According to our
results of sequence length and composition of MatK bar-
code gene for the 15 plant species, MatK regions have high
rate of nucleotide substitutions as showed by [50] or the
locus remodeling ring [51]. Alternate primer sequences may
increase the success rate of MatK amplification for some of
the current taxa, making it a barcoding locus. The species
in which the MatK region is amplified, however, had wide

nucleotide sequences. All ambiguous positions were removed for
each sequence pair (pairwise deletion option). There were a total of
924 positions in the final dataset

taxonomic coverage in the Fabaceae family, indicating that
the locus' conserved sequence is notable.

Consequently, the partial amplification sequence of MatK
was further utilized to investigate the evolutionary linkage
of the selected plants. The evolutionary distances between
the 15 plant species were divided into two clades using
the neighbor-joining approach., the first clade comprising
(Enterolobium contortisiliquum, Albizia lebbek), Acacia
saligna, Leucaena leucocephala, Dichrostachys Cinerea,
(Delonix regia, Parkinsonia aculeata), (Senna surattensis,
Cassia fistula, Cassia javanica) and Schotia brachypetala
which were more closely to each other, respectively. The
remaining four species of Erythrina humeana, (Sophora
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Brownea latifolia voucher Steyermark 88845 (NY) trnK gene partial sequence and maturase K (matK) gene partial cds chloroplast
Brownea latifolia voucher Steyermark 88845 (NY) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Brownea ariza voucher Wieringa 4167 (WAG) trmK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Paloue guianensis voucher Poncy 1666 (P CAY NY US) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds chlorof
Elizabetha grahamiae voucher Redden 3090 (US) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast .
Paloue sp. Bordeinave 871 tmK gene partial sequence and maturase K (matK) gene complete cds chloroplast -
Brownea grandiceps voucher Fougere sn (MT) trmK gene partial sequence and maturase K (matK) gene complete cds chloroplast !
Brownea coccinea voucher Fougere 33 (MT) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Elizabetha macrostachya voucher Redden 3714 (US) tmK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Brownea sp. Lavin 6225 maturase-like protein (matK) gene complete cds chloroplast
Browneopsis disepala voucher Klitgaard 67032 (K) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Lysidice rhodostegia voucher Rickson sn (OSC) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Gilletiodendron pierreanum voucher Wieringa 5448 (WAG) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast :
Gilletiodendron pierreanum voucher Breteler 14167 (WAG) tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds chl
Brandzeia filicifolia voucher K:Capuron 11266 tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloroplast
Schotia capitata voucher K:Winter Vahrmeijer 8462 tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloroplast(2)
—|l Schotia capitata voucher K:Winter Vahrmeijer 8462 tRNA-Lys (trnK) gene intron and maturase K (matK) gene complete cds chloroplast
Schotia afra voucher Hodgkiss 75367 maturase K (matK) gene complete cds plastid h
Schotia brachypetala SR12 chloroplast matK gene for maturase K partial sequence
Schotia latifolia voucher Kew no. 1948-52201 Bruneau s.n. 26-06-1995 tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene com w
Intsia sp. Wieringa 4193 voucher Wieringa 4193 (WAG) trnK gene partial sequence and maturase K (matK) gene partial cds chloroplast
Afzelia africana voucher Jongkind 2440 (WAG) tmK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Intsia bijuga voucher Utterridge 23 (MT) tRNA-Lys (trnK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Afzelia bipindensis voucher Breteler 15405 (WAG) tRNA-Lys (trmK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Intsia sp. Herendeen 1V992 voucher Herendeen 1-V-99-2 (US) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Afzelia bella voucher Chase s.n (K) tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Afzelia quanzensis voucher Herendeen 9-XII-97-4 (US) trnK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Erythrina humeana SR09 chloroplast matK gene for maturase K partial sequence
Erythrina raja voucher 1981-0247-001 maturase K (matK) gene partial cds chloroplast
Erythrina sp. MM-2019 voucher non accessioned maturase K (matK) gene partial cds chloroplast Jo—
Erythrina lysistemon voucher 1986-0098-003 maturase K (matK) gene partial cds chloroplast —
Erythrina numerosa voucher 2015-0068-004 maturase K (matK) gene partial cds chloroplast
Erythrina vespertilio voucher 1974-0075-001 maturase K (matK) gene partial cds chloroplast
Sophora secundiflora SR14 chloroplast matK gene for maturase K partial cds Q-i
Sophora secundiflora voucher J.L.Reveal 2619 (US) maturase K (matK) gene partial cds chloroplast :
Calia arizonica maturase-like protein (matK) gene complete cds chloroplast
Dalbergia sissoo SR05 chloroplast matK gene for maturase K partial sequence<— c
Dalbergia sissoo maturase (matK) gene complete cds chloroplast gene for chloroplast product ;ﬂ
Tipuana tipu SR15 chloroplast matK gene for maturase K partial sequence i—
Tipuana tipu maturase (matK) gene complete cds chloroplast gene for chloroplast product bﬂ
Centrolobium robustum voucher L.F.G. Silva 19 (RB) maturase K (matK) gene complete cds chloroplast
Centrolobium sclerophyllum voucher H.C. Lima 6510 (RB) maturase K (matK) gene complete cds chloroplast
Dalbergia sissoo isolate Avoucher SCQM-18 chloroplast complete genome
Dalbergia frutescens isolate A voucher 81 chloroplast complete genome [a—
Dalbergia chlorocarpa isolate A voucher 24199 chloroplast complete genome (-,
Dermatophyllum secundiflorum voucher P.Tenorio 19995-MO plastid complete genome -
Brownea macrophylla voucher Yi14554-KUN plastid complete genome
Schotia afra voucher Yi14510-KUN plastid complete genome Q-(
Schotia brachypetala voucher RADS-846 JBM 1858-57-1975 chloroplast complete genome
Schotia brachypetala voucher RADS-846 JBM 1858-57-1975 chloroplast complete genome(2) :
Schotia afra voucher Yi14510-KUN plastid complete genome(2) c
Afzelia quanzensis voucher Yi14511-KUN plastid complete genome
Intsia bijuga voucher Yi14704-KUN plastid complete genome o
Afzelia xylocarpa chloroplast complete genome bD
Lysidice rhodostegia voucher Yi15252-KUN plastid complete genome
[—

010

Fig. 7 Phylogenetic tree analysis and the evolutionary distances of
Dalbergia Sissoo, Erythrina humeana, Schotia brachypetala, Sophora
secundiflora and Tipuana Tipu using using the Maximum Likelihood
method. The tree is drawn to scale, with branch lengths measured in

secundiflora, Dalbergia Sissoo, Tipuana Tipu) constituted
the second clade. The results are encouraging, which give a
backbone of knowledge in the data set. As additional species
become accessible, more research for species resolution of a
genus may be undertaken.

Conclusion

During the current study, DNA barcoding using MatK chlo-
roplast gene was applied in fifteen legume trees by both
single region and multiregional approaches. The obtained
chloroplast gene sequences were submitted to GenBank,
and fifteen accession numbers were recorded as LC602060,
LC602154, LC602263, LC603347, LC603655, LC603845,
LC603846, LC603847, LC604717, LC604718, LC605994,
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the number of substitutions per site with the highest log likelihood
(— 4725.80). This analysis involved 55 nucleotide sequences. There
were a total of 902 positions in the final dataset

LC604799, LC605995, LC606468, LC606469) with length
ranging from 730 to 1545 nucleotides. The current results
indicated that the phylogenetic tree analysis and the evolu-
tionary distances of an individual dataset of each studied
species were agreed with a phylogenetic tree of all each
other consisting of two clades, the first clade comprising
(Enterolobium contortisiliquum, Albizia lebbek), A. saligna,
Leucaena leucocephala, Dichrostachys Cinerea, (Delonix
regia, Parkinsonia aculeata), (Senna surattensis, C. fistula,
C. javanica) and Schotia brachypetala were more closely
to each other, respectively. The remaining four species of
Erythrina humeana, (Sophora secundiflora, Dalbergia Sis-
soo, Tipuana Tipu) constituted the second clade. Finally, it
could be concluded that, MatK gene is considered promising
a candidate for DNA barcoding in plant family Fabaceae and
providing a clear relationship between the families.
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Albbizia lebbeck SR02 chroloplast matK gene for maturase K partial sequence

Enterolobium contortisiliquum SRO08 chloroplast matK gene for maturase K partial sequence

'Acacia saligna SRO1 chloroplast matK gene for maturase K partial cds

00293

Leucaena SR10 chloroplast matK gene for maturase K partial sequence

00201
Dichrostachys cinerea SR07 chloroplast matK gene for maturase K partial sequence

Delonix regia SR06 chloroplast matK gene for maturase K partial sequence
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