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29  Abstract

30 DNA barcodes have been considered as a tool to facilitate species identification based on
31  their simplicity and high-level accuracy compression to the complexity and subjective biases
32  linked to morphological identification of taxa. MaturaseK gene “MatK " of the chloroplast is
33 very crucial in the plant system which is involved in the group II intron splicing. The main
34  objective of this current study is determining the relative utility of the “Ma¢K”" chloroplast
35 gene for barcoding in fifteen legume trees by both single region and multiregional
36 approaches. The chloroplast “MatK” gene sequences were submitted to GenBank and
37 accession numbers (GenBank: LC602060, LC602154, LC602263, LC603347, LC603655,
38 LC603845, LC603846, LC603847, LC604717, LC604718, LC605994, LC604799,
39  LC605995, LC606468, LC606469) were obtained with sequence length ranging from 730
40  to 1545 nucleotides. These DNA sequences were aligned with database sequence using
41  PROMALS server, Clustal Omega server and Bioedit program. Also, the maximum
42  likelihood and neighbor-joining algorithms for phylogenetic reconstruction using the
43 MEGA-X program were employed. Overall, these results indicated that the phylogenetic tree
44  analysis and the evolutionary distances of an individual dataset of each species were agreed
45  with a phylogenetic tree of all each other consisting of two clades, the first clade comprising
46  (Enterolobium contortisiliquum, Albizia lebbek), Acacia saligna, Leucaena leucocephala,
47  Dichrostachys Cinerea, (Delonix regia, Parkinsonia aculeata), (Senna surattensis, Cassia
48  fistula, Cassia javanica) and Schotia brachypetala were more closely to each other,
49  respectively. The remaining four species of Erythrina humeana, (Sophora secundiflora,
50  Dalbergia Sissoo, Tipuana Tipu) constituted the second clade. Therefore, MatK gene is

51  considered promising a candidate for DNA barcoding in plant family Fabaceae and
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52  providing a clear relationship between the families. Moreover, their sequences could be
53  successfully utilized in single nucleotide polymorphism (SNP) or part of the sequence as
54  DNA fragment analysis utilizing polymerase chain reaction (PCR) in plant systematic.

55 Keywords: MaturaseK, DNA barcoding, Phylogenetic tree, legume tree, Maximum

56 likelihood, Neighbor-Joining algorithms.

57 1. Introduction

58  Fabaceae is considering a large and economically vital family of flowering plants which is
59  usually known as the legume family [1-3]. The Fabaceae family, which includes 730 genera
60  more than 19,400 species, is the second-largest family of medicinal plants and the third
61 largest family of flowering plants, with over 490 medicinal plant species [4-0].
62  Documentation of the Mediterranean legume crops depending on morphological
63  characteristics has shown tricky and much impossible [7-9]. Using a DNA-based technique
64  would offer accurate knowledge and facilitate the discrimination of the species. DNA
65  barcoding is new, efficient, quick, low-cost, and standard technique for the fast
66  identification and evaluation of plant and animal species based on DNA sequence from a
67  small fragment of the whole genome in a rapid, accurate [10-14]. Also, DNA barcoding
68  can help to detect species, quick identification of any species that are possibly novel to
69  science and to report the essential ecological and evolutionary questions as a biological
70  instrument [15-21]. DNA barcodes are frequently promoted for their facility to enhance
71 public and non-specialist access to scientific information and new knowledge [22]. Short
72 DNA sequences in DNA barcoding are used to identify the diversity between plant and
73 animal species as molecular markers [23], also, it’s used in an assignment of the unknown

74  samples to a taxonomic group, and in-plant biodiversity documentation [24]. DNA
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75  barcoding is a potential tool to detect an error in identifying species because similarity-
76  based approaches using DNA barcoding combined with morphology would solve the
77  misidentification based on morphology [25, 26]. DNA barcoding could help decrease the
78  limitations of morphological characteristics and hurry up plant and animal species
79  identification since it can detect the organisms at any stage of growth. DNA barcodes are
80 intended to generate a distributed community resource of DNA sequences that would be
81 used to identify or classify species by taxonomic categorization [27]. The usage of DNA
82  barcodes as a tool for plant/ animal identification is based on the establishment of high-
83  value reference databases of sequence [28] which cannot always distinguish between
84  closely related species of land plants or fungi.

85  The matK gene (1500 bp in length), located inside the intron of the trnK and codes for
86  protein maturase, which is involved in Group- II intron splicing. This gene has a high
87  substitution rate [3], a huge fraction of variance in nucleic acid levels between the first and
88 second codon positions, a low transition and or/transversion ratio, and mutationally
89  conserved areas. Previous data were utilized to identify the molecular markers, which were
90 used to identify the genus/species of these taxa, to provide valuable information for both
91 conventional and molecular studies [8]. During this current study, we evaluated the
92  capacity and the efficiency of the normal plant barcode marker MatK for documentation
93  and identification of 45 plant specimens belonging to 15 species of Fabaceae plant species
94  to study the useful annotation, homology modeling and sequence analysis to permit an
95 additional efficient use of these sequences between different plant species.

96 2. Materials and methods

97 2.1. Plant materials


https://doi.org/10.1101/2021.07.27.454001
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.27.454001; this version posted July 28, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

98  Forty-five samples (three replicates for each species), which belonged to 15 species found
99 in Fig (1) were collected from Antoniadis Garden's (N 29" 56’55, E 18" 12°31) between
100  July 2019 and January 2020 and combined their sequences with those available from
101  GenBank.
102 2.2. Extraction and sequencing of DNA from samples
103  Total genomic DNA was extracted from fresh leaves tissue using i-genomic plant DNA
104  extraction Mini kit @ iNtron biotechnology according to the Plant Genomic DNA Kit
105  procedure (iNtRON Bio Co., South Korea). PCR of the MatK regions were conducted out
106  in Techne Flexigene PCR Thermal Cycler programmed for 30 cycles as follows: 94°C/5
107  minutes (1 cycle); 94°C/45 sec, 50°C/45 sec, 72°C/45 sec (30 cycles); 72°C/7 minutes (1

108  cycle); 4°C (infinitive). The designed common primers and reaction conditions of the MatK

109  region is F: 5'-CGTACAGTACTTTTGTGTTTACGAG-3' (Tm, 53.9 & GC%, 40), R: 5'-
110 ACCCAGTCCATCTGGAAATCTTGGTTC-3' (Tm, 604 & GC%, 48). The PCR
111 products were electrophoresed on a 1.0% agarose gel with 1X TAE buffer containing 0.5
112 g/mL ethidium bromide. PCR products were purified with Mini kit @ iNtron
113 Biotechnology Purification kits before being sequenced with a DNA sequencer (Applied
114  Biosystems® 3500 and 3500xL Genetic Analyzers) and a BigDye Terminator version 3.1
115  Cycle Sequencing RR-100 Kit using the dideoxynucleotide chain termination method
116  (Applied Biosystems). The sequences were submitted to DDBJ/EMBL/GenBank database.
117  Generic and species data was achieved from the taxonomy database of the National Centre
118  for Biotechnology Information (NCBI).

119

120


https://doi.org/10.1101/2021.07.27.454001
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.27.454001; this version posted July 28, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

121 2.3 Sequence analysis

122 The sequencing results analysis has been done for a unique grouped dataset that contains
123 all of the Fabaceae plant species for which sequences are available in GenBank to identify
124  inter-species and inter-generic variation. Fabaceae species sequences of MatK were
125  retrieved from NCBI in Fasta format. Multiple sequence alignments of the MatK gene were
126  conducted from different species applying the PROMALS server [29], Clustal Omega
127  server [30], the BIOEDIT software [31] and MEGA-x [32] which are offline software that
128  conducts optimal sequence alignment to find the conserved area. Comparing to the greatest
129  alignment methods with development for distantly related sequences the “PROMALS” is
130  up to 30% more accurate. Clustal Omega server is a new multiple sequence alignment
131  software that generates alignments between three or more sequences using seeded guide
132 trees and HMM profile-profile methods. The “BIOEDIT” software is a user-friendly
133 biological sequences alignment editor that aims to provide fundamental functions for
134  editing, aligning, manipulating, and analyzing protein sequences.

135

136  2.3.1 Molecular evolution and phylogenetic analysis

137  The Neighbor Joining method was used to deduce the evolutionary narrative. Finding the
138  topology and branch length of the tree that will offer the best chance of detecting amino
139  acid sequence in current data is the approach for constructing the phylogenetic tree using
140  maximum likelihood. So, for phylogenetic evaluation Mafft server [33], Clustal Omega
141 server and “MEGA-x" software were applied. MEGA was used to analyze the sequencing
142  data using the neighbor-joining technique and Unweighted Pair Group Mean Average

143 "UPGMA." The “DNADIST” software of “PHYLIP” was used to calculate distances. NJ
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144  plot was used to do bootstrapping and decay analysis. MEGA determined parsimony
145  analyses and different clades.

146 3. Results

147  3.1. DNA extraction and PCR amplification

148 The quality of the obtained DNA was detected 1% agarose gel electrophoresis as
149  seen in Fig 2. The results indicated that there is no fragmentation was observed in extracted
150 DNA. The quantity of extracted DNA samples was determined by using Nanodrop
151  Spectrophotometer and the concentration ranged from 30 - 50 ng/ul. The extracted DNA
152  was directly used in PCR amplification as found in Fig 3 for the MatK gene (900 bp).

153  Development in DNA sequencing methods has allowed us to describe the genomes of
154  numerous organisms quickly. Evaluations of the DNA sequences of several species are
155  providing useful knowledge about their taxonomy, gene makeup, and utilization. In the
156  current study using DNA sequence polymorphisms of the chloroplast, MatK gene is much
157  more variable than many other genes. From Fifteen plant species belong to different genera
158  of the same family (Fabaceae), we organized a study to contribute to the knowledge of the
159  major evolutionary relationship between the studied plant genus and species (clades) and
160  discussed the application of MatK for molecular evolution. The chloroplast matK marker
161  was more useful as DNA markers.

162

163

164

165
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166  Table 1. Fifteen taxa, their isolates, the sequence length (bp), and assigned Accession

167  numbers of each plant used in this study.

Species Isolate Length (bp) | Accession no.
Acacia saligna SRO1 714 LC602060
Albizia lebbeck SR02 788 LC602154
Cassia fistula SR03 854 LC602263
Cassia javanica SR04 845 LC603347
Dalbergia sissoo SRO5 763 LC603655
Delonix regia SR06 864 LC603845
Dichrostachys cinerea SRO7 866 LC603846
Enterolobium contortisiliquum SRO0O8 856 LC603847
Erythrina humeana SR09 781 LC604717
Leucaena leucocephala SR10 820 LC604718
Parkinsonia aculeata SR11 838 LC605994
Schotia brachypetala SR12 856 LC604799
Senna sulfurea SR13 853 LC605995
Sophora secundiflora SR14 749 LC606468
Tipuana tipu SR15 787 LC606469

168

169  3.2. Phylogenetic analysis of collected plants

170  Numerous sequence alignments showed that there are varying numbers of “Indels” in the
171 gene MatK. Using the neighbor-joining method, UPGMA and maximum likelihood, the
172 evolutionary distances for the 15 plant species were recognized into individual clades. The
173 alignment of MatK gene of Acacia saligna nucleotide sequences showed 769 variable sites
174  and 571 parsimony sites, the overall mean distance is 2.85. The combined tree showed two
175  groups or cladograms and they represented as follows: Group I include Acacia saligna was

176  closely related to different species belong to other genera of the same family (Fabaceae)
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177  such as Enterolobium, Pararchidendron, Archidendron, Samanea, Hydrochorea, Balizia
178  and Abarema (Fig 4). Also, Acacia comprising other species were closely arranged but
179  distinguished to different genera such as Falcataria, Pararchidendron and Lacacia. In
180  addition, the aligned MatK dataset was 793 nucleotide sites long, of which 102 sites were
181  potentially parsimony informative. Consequently, Enterolobium contortisiliguum is more
182  closely related to different species of genus Acacia according to phylogenetic analysis
183  using maximum likelihood (Fig 5). The length of MatK varies from 750 bp in Albizia
184  lebbek (the smaller length of MatK gene for these species is due to incomplete sequencing,
185  which was retrieved from GenBank) to 813 in different genera (Enterolobium, Acacia,
186  Senegalia, Cojoba, Samanea, Hydrochorea, Balizia and Abarema). Maximum likelihood
187  and Neighbor-joining analysis of the dataset resulted in a tree with two groups. The clades
188  established in the trees were mainly mixtures of numerous species. Consequently, creating
189  alocal barcode database will be useful for a broad range of potential ecological purposes,
190 involving the building of community phylogenies [34]° Groupl has three clusters
191  comprising several genera (A/bizia, Enterolobium, Mariosousa, Archidendron, Samanea,
192  Balizia, and Abarema). Otherwise, group II has one genera acacia which is the most closely
193  related to our plant Albizia lebbeck according to MatK gene partial cds (Fig 6). The
194  arrangement of MatK gene of Acacia saligna nucleotide sequence revealed 649 varying
195  sites and 359 parsimony sites, the overall mean distance is 2.37 and the estimated
196  Transition/Transversion bias (R) is 0.52.

197 Furthermore, depending on the phylogenetic analysis, the two genera Cassia and
198  Semna with different species are closely related and more highly similar than any other studies

199  species (Figs 7-9). The phylogeny tree was created using the neighbor-joining approach and
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the evolutionary distances were calculated employing the maximum composite 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, Erytherophleum, Arapatiell and Dinizia). Group II showed two
branches: each one with many sub-branches containing five clades with different species of
genus Senna. According to MatK gene sequence, the collected plants (Cassia fistula and
Cassia javanica) revealed a high percentage of identity with different 7 species of genus senna
having the same clade (Fig 7-8). 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 9), and consequently this species used as a template to estimate the similarity
between different species in Fabaceae family.

Results indicated the species of Dalbergia sissoo, Erythrina humeana and Leucaena leucocephala
are more like other species of the same genus and less similar to species of other genera of the
Fabaceae family (Fig 10 - 12). Nevertheless, the Delonix regia is the more studied species having a
good similarity to different species of different genera of the Fabaceae family. Polymorphism
obtained from the DNA sequence indels or replacements of the MatK gene indicated that Delonix
regia, Umtiza listeriana, Diptychandra aurantiaca, Moldenhawera blanchetiana, Schizolobium
parahyba, Tachigali costaricensis, Arapatiella psilophylla and Parkinsonia Africana were evolved
from a Common ancestor (Fig 13). In addition, Dichrostachys cinerea is closely related to different
species of genera Leucaena, Senegalia, Falcataria and prosopis (Fig 14). Furthermore, 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

10
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223 unresolved clades until 250 informative sites. At that point, 1 highly parsimonious tree was created,
224  which was congruent with the topology of the stable tree achieved from the 3/-end. To recognize the
225  greatest DNA barcode marker for species documentation and traceability, the value of genetic
226  divergence for all the confirmed loci were calculated in each analyzed group at dissimilar

227  taxonomic level and by considering only fresh morphologically identified samples.

228 The current sequences showed little variations in the percentage of guanine plus
229  cytosine content (% G+C) related to that in the sequences of MatK. In case of MatK, the
230 nucleotide structure was biased toward the guanine and cytosine content (G+C) with
231 frequencies were 30.4 to 34.8%, respectively. The NJ, ML, and MP analyses all resulted in
232 comparable trees in each of the data sets. There are often variations between the trees from
233 the various analyses involving non-resolution (polytomies). Analyses carried out on samples
234 belonging to Parkinsonia aculeata, Schotia brachypetala, Sophora secundiflora and Tipuana
235  Tipuindicated that the sequences divergences of marker MatK were clearly distinguished from
236 other species of Fabaceae. Figs 15-18 showed phylogenetic clusters constructed using ML and
237  NJ; The difference observed in MatK does separate several species; however, there is a wide
238  range of intra- specific and inter-specific variation. The results of the sequence identification
239  analysis reflected that the Parkinsonia aculeata was closely related and in the same clade with
240  Schizolobium parahyba, Diptychandra aurantiaca, Delonix regia, Conzattia multiflora and
241 Cobvillea racemose (Fig 15). Furthermore, On the Neighbor-Joining Phylogram (Fig 16), the
242 Schotia group is a sister taxon to the Macrolobium group and this observation is found in 50%
243 of the most clade in this cladistic analysis (Fig 16).

244 The last two members i.e., Sophora secundiflora and Tipuana Tipu produced an

245  independent clade and confirmed the ambiguous position relative to the other genera of

11
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246  Fabaceae based on the combined cladistic analysis data from chloroplast DNA restriction sites
247  and morphology. Sophora secundiflora shared a common ancestor with Angylocalyx braunii,
248  Zollernia splendens, Ormosia xylocarpa and Dermatophyllum secundiflorum (Fig 17). Also,
249  Tipuana Tipu is in the same clade with different species of two genera Centrolobium and
250  Pterocarpus (Fig 18).

251 Additionally, highly Fabaceae species in the current research were detected to have
252  aunique sequence in the MatK gene. These results will offer a valuable way to authenticate
253 various MatK species. MatK sequence created in this analysis will be applied to construct
254  reference sequence libraries, and the sequences extracted from samples with particular
255  identity classifications will be utilized to search the database. Lastly, utilizing BLAST1 and
256  the closest genetic distance approach, we will be able to define the species identities of the
257  query sequences based on these data. In the dataset of MatK, the nearest genetic distance
258  approach achieved 99.68% to 96.45% identification accomplishment rates at the species
259  level for “BLAST1” and distance discrimination methodology, respectively, with no
260  equivocal identification at the genus level. The planned barcoding portion of MatK is about
261 760 base pairs in Fabaceae. The phylogenetic tree (Fig 19) consists of two clades, the first
262 clade comprising (Enterolobium contortisiliquum, Albizia lebbek), Acacia saligna,
263 Leucaena leucocephala, Dichrostachys Cinerea, (Delonix regia, Parkinsonia aculeata),
264  (Senna surattensis, Cassia fistula, Cassia javanica) and Schotia brachypetala were more
265 closely to each other, respectively. The other four species of Erythrina humeana with

266  Sophora secundiflora and (Dalbergia Sissoo, Tipuana Tipu) constituted the second clade.

267
268
269
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4. Discussion

Because plant genomes include several copies of MatK sequences, it's unclear if
the sequence obtained by PCR will be balanced and representative [35]. As a result, we
suggest MatK as a potential barcode sequence in the Fabaceae family, as well as a wider
range of plant species. Utilizing MatK as a DNA barcode would extend our knowledge of
phylogenetics and population genetics in Fabaceae species. We also recommend that MatK
be used as a DNA barcode sequence to overcome difficulties in Fabaceae genus and species
categorization. MatK might serve as a starting point for quality control and assurance of
plant materials utilized 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
potential of effective discriminating. MatK can be a powerful taxonomic marker for
identifying species and resolving taxonomic issues [36]. 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 species. The evolutionary distances for the 15 plant species that were
separated into distinct clades were analyzed using the maximum likelihood and neighbor-
joining methods, which discriminated most of the species better than previous techniques
[37].

The identification by MatK region paired with morphological recognition 100% to
species (Fig 19) level; for the set of plants studied, it appears to be an accurate approximation
of species identification using this one locus. Short sequence, universality, and unique

identifiers are three features of a common barcode [38, 39]. According to our results of

13
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sequence length and composition of MatK barcode gene for the 15 plant species, MatK
regions have high rate of nucleotide substitutions as showed by [40] or the locus remodelling
ring [41]. 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 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 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.
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Fig (1) showing different leaves in fifteen Fabaceae plants (1) Cassia fistula, (2) Cassia
Javinca, (3) Albizia lebbek, (4) Delonix regia, (5) Senna suratiensis, (6) Parkinsonia
aculeata, (7) Schotia brachypetala, (8) Tipuana tipu, (9) Erythrina humeana, (10) Sophora
secundiflora, (11) Leucaena leucocephala, (12) Enterolobium contortisiliguum, (13)

Dichrostachys cinerea, (14) Acacia saligna and (15) Dalbergia sissoo
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Fig (2) Agarose gel electrophoresis for extracted DNA from samples (1) Cassia fistula, (2)
Cassia javinca, (3) Albizia lebbek, (4) Delonix regia, (5) Senna surattensis, (6)
Parkinsonia aculeata, (7) Schotia brachypetala, (8) Tipuana tipu, (9) Erythrina

humeana, (10) Sophora secundiflora, (11) Leucaena leucocephala, (12)
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Enterolobium contortisiliguum, (13) Dichrostachys cinerea, (14) Acacia saligna

and (15) Dalbergia sissoo
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Fig (3) Agarose gel electrophoresis for amplified samples by using the primer MatK for
the samples (1) Cassia fistula, (2) Cassia javinca, (3) Albizia lebbek, (4) Delonix
regia, (5) Senna surattensis, (6) Parkinsonia aculeata, (7) Schotia brachypetala,
(8) Tipuana tipu, (9) Erythrina humeana, (10) Sophora secundifiora, (11) Leucaena
lenucocephala, (12) Enterolobium contortisiliguum, (13) Dichrostachys cinerea,

(14) Acacia saligna and (15) Dalbergia sissoo
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Fig 5: Phylogenetic tree analysis and the evolutionary distances of Enterolobium
contortisiliquum were computed using the Maximum Likelihood technique using on nucleotide

sequences of the MaiK gene.
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Albizia rynophylla chioroplast matl gene for maturase K complele cds
Senegalia pennata subsp. insuaws chioroplast matk gene for maturase K partial cds specimen voucher: KYUM JPN -22
Albazia comiculata chioroplast matk gene sequence
Albizia attopevensis chioroplast matk gene sequence
Cojoba arborea voucher Simon 1545 [CEN) maturase K (matk) gene complete cds chioroplast
Albizia procera voucher MOSEL 252 maturase K (matk) gene partial cds chioroplast
Albizia fermuginea voucher Jongland 10762 (WAG) maturase K (matk) gene complete cds chioroplast
Manosousa milleloka voucher DS 14858 IRMA-Lys (ImK) géné miron and maturase K [malk) gene complele cds chioroplast
Ebenopsis confinis voucher Hughes 1539 (FHO) maturase K (matk) gene complete cds chioroplast
Albizia kalora voucher LHODST maturase K (matk) gene partial cds chioroplast
Albizia bermudiana voucher DLEG 820265 JM216 tRMA-Lys (tmi) gene partial sequence and maturase K-lke (matk) gene complete sequence
Albizia julibrissin voucher QT0T maturase K (matk) gene partial cds chioroplast
Albezia juibrissin voucher DLEG 92-0266 JM219 tRNA-Lys {tmi) gene partial sequence and maturase K (matk) gene partial cds chloroplast
Samanea saman chioroplast tmk gene intron sequence and maturase-lke SeqUENCE
Samanea saman voucher C E. Hughes 421 (FHO) maturase K (matk) gene complete cds chloroplast
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Abarema piresa voucher Zaruchi JL 3125 (NY) tRMA-Lys (tmK) gene intron and maturase K (matK) gene complete cds chioroplast
Abarema flamentosa voucher Lima H.C. 6932 (NY) IRNA-Lys (¥mK) gene intron and maturase K (matk) gene complate cds chloroplast
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Fig 6: Phylogenetic tree analysis and the evolutionary distances of Albizia lebbeck were
computed using the maximum likelihood technique using nucleotide sequences of the MatK

gene.


https://doi.org/10.1101/2021.07.27.454001
http://creativecommons.org/licenses/by/4.0/

Chamaecrista amormii voucher Conceicao TOS(HUEFS) tRMNA-Lys (imK) gene intron and maturase K (matk) gene complete cds chioroplast
Batesia fMoribunda voucher Crenand 3032 (CAY) IRNA-Lys (imi) gene partial sequence and maturase K (matk) gene complete cds chioroplast
Batesia floribunda voucher Sabatier 4774 tRNA-Lys (i) gene intron and maturase K (matk) gene complete cds chioroplast

Andra aublets voucher Cardoso J45HUEF S) tRMNA-Lys (i) gene intron and maturase K (matk) gene complete cds chloroplast

Vilsht Apousd Macripetaly voucher Brefeler 13783 (W) IRNA-Lys (ImK) gene parial séquence and malurase K (matk) gene complele cds
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- Senna cana voucher HUEF S Querraz 9178 IRMNA-Lys (imk-UUL) gene partial sequence and maturase K (matkl) gene complete cds chionplast
Senna alata voucher Bruneau 1076 (K) IRMA-Lys (tmi) gene partial sequence and maturase K (matk) gene compiete cds chioroplast

Senna obbusifolia voucher Li ZY Fu LI Xu 52 Fu JG 13428 IRNA-Lys (tmiK) gene partial seguence and maturase K (mati) gene complete cds
Sernd ndheamannd voucher M F Waoptist howska 1275 (ASU) matursse K (k) gens complete ©os chionoplast

Senna bauhinicsdes maturase-ile protein (malk) gene complete cds chioroplast

Senna candolieana IRNA-Lys (UMK) gene intron and maturase-like proten (matk) gene complete cds chioroplast

Senna bicapsulans voucher Li ZY Mang XG Xu S2 201509183 tRNA-Lys imk) gene partal sequence and maturase K (matk) gene partial cds

Metanoxylon brauna voucher Lopes Andrall 113 (K} iRMA-Lys (tmk) gene partial sequence and maburase K (matk) gene complete cds chloroplasi
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Cassia javansa var. indochinensis voucher M dePompert 48 ASU maturase K (matk) gene complete cds chioroplast
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[ Cassia fistula maturase K (matk) gene partial cds chloroplast
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Fig 7: Phylogenetic tree analysis and the evolutionary distances of Cassia fistula using the Neighbor-

Joining technique using nucleotide sequences of the MatK gene.
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Andira aublets voucher Cardoso J450(HUEFS) tRMNA-Lys (IrnK) gene intron and malurase K (matk) gene complete cds chioroplast

Vouacapous macropetals voucher Breteler 13783 (WAG) IRMA-Lys [ImK) gene partial sequence and maturase K (malk) gene complete cds
Recordoxyon speciosum voucher Redden 5883 (US) tmk gene partial sequence and maturase K (matk) gene complete cds chioroplast
Batesia flonbunda voucher Grenand 3032 (CAY) tRMA-Lys (imk) gene partial sequence and maturase K (matk) gene complete cds chioroplast
Batesza fonbunda voucher Sababer 4774 t(RNA-Lys (imi) gene intron and matuwrase K (malk) gene complete cds chioroplast

Chamaecnisia onusta voucher Conceicas B0HUEFS) tRNA-Lys (ImK) gene intron and maturase K (matk) gene partial cds chioroplas:
Chamaecnista amonmi voucher Conceicao T3MHUEF3) IRNA-Lys {tmK) gene intron and maturase K (matk) gene complete cds chioroplast
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Chamaecrista polystachya voucher HUEFS Rando 1150 IRMA-Lys (imK-UUL) gene partial sequence and maturase K (malk) gene complele cds
Chamaecnsta sclerogdon voucher HUEFS Rando 1205 t(RNA-Lys (tmK-ULLY) gene partial sequence and maturase K (matk) gene complete cds
Seénna cana voucher HUEFS Queinaz 9178 IRNA-LyS (tmK-UUU) gené partial sequence and maturase K (matk) gene compléte cds chilaroplast
Cassia leplophylla voucher Queiroz 12555 (HUEFS) IRMA-Lys (k) gene intron and maturase K (matk) gene complete cds chioroplast

Senna candolleana RMNA-Lys (tmk) gene intron and maturase-ske protein (matk) gene complele cds chioroplast

Senna lindheimenana voucher M F Wojciechowski 1275 (ASU) maturase K (matk) gene complete cds chloroplast

Senna bauhineoates maturass-lke protemn (matk) gene complete ods chloroplast

Senna alata voucher Bruneau 1076 (K) IRNA-Lys (mK) gene partial sequence and malurase K (malk) gene complele cds chioroplast

Senna tora isolate 3TE maturase K {malK) gene partial cds chlioroplast

Cassa javanica SROMC chioroplast matk gene for maturase K partial sequence  —aff—————

group |

l:m grandis voucher Smith 2061 (MY) tRNA-Lys (Imk) gene partial sequence and maturase K (matK) gene complete cds chloroplast
4 | — age K (matk) gene complete cds chloroplast
ot peprt o ';:;p;éﬁfegsifsv’v%%s&h%ﬁﬂ‘ﬁ’ e ona0) ouno charents cce chtrigmt
I w%ﬁ FHSEPRAMISE Foolate PEEA126 maturase K [matk) gene parial cds chioroplast
L Farseta aegyplia voucher Farl0 maturase K (malk) gene partial cds chioroplast
Senna alata 57Yokohama!JPHZ201T chioroplast matk gene for maturase K partial cds

group Il

Senna undflora isclate SUT maturase K [matk) gene partial cds chioroplast

Senna sophera maturase K (matk) gene partial cds chioroplast

Senna italica maturase K (matk) gene partial cds chioroplast

Cassia fistula maturase K (matk) gene partial cds chloroplast I [ I
Senna unifiora maturase K (matk) gene partial cds chioroplast group
Senna aunculaia maturase K (matk) gene partial cds chioroplast

Senna aunculata maturas:s K gene partial cds chloroplast

Senna alata maturase K (matk) gene partal cds chiloroplast

Cassia javanica maturase K [matk) gene partial cds chloroplast

Senna montana maturase K (matik) gene partial cds chioroplast

ISmm speciabilis voucher S200009 chisroplast complete genome

||Stm¢hﬁml:-hcrhmphﬂ:mﬁﬁem

Senna tora chioroplast complete genome gr‘Oup I &g"
Cassaa brewsten voucher Yil4786-KUN plastid complete genome
Senna siamea chioroplast complete genome

's0

Fig 8: Phylogenetic tree analysis and the evolutionary distances of Cassia javanica using the

Neighbor-Joining technique using on nucleotide sequences of the MatK gene.
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Senna bauhinicides maturase-like probein (matk) gene complete cds chloroplast

Senna covesi tRNA-Lys (imiK) gene intron and maturase-like protein (matk() gene complete cds chioroplast

Senna indheimenana voucher M F Wogechowslka 1275 (ASU) maturase K (matk) gene complete cds chioroplast

Senna candoleana tRNA-Lys (tmik) gene intron and maturase-ike profein (matk) gene complete cds chloroplast

Senna bic apsulans voucher Li 2Y Xiang XG Xu 52 201509183 IRNA-Lys (k) gene partial sequence and maturase K (matk) gene partial cds
Senna obtusdolia voucher Li Y Fu LZ Xu SZ Fu JG 13428 IRNA-Lys (imi) gene panial sequence and maturase K (matk)) gene complete cds
Senna alata voucher Bruneau 1076 (K) IRMNA-Lys (tmK) gene partial sequence and maturase K (matk) gene complete cds chioroplast

Senna cana voucher HUEFS: Queiraz 8178 IRMA-Lys (trmi-UUL) gene partial sequence and maturase K (malk) gene complete cds chioroplast
Cassia leplophylla voucher Queroz 12555 (HUEFS) IRMA-Lys (trmi) gene intron and maturase K (matk) gene complete cds chioroplast
Batesia flonbunda voucher Grenand 3032 (CAY) tRNA-Lys (irmk) gene partial sequence and maturase K (matk) gene complete cds chloroplast
Recordocydon speciosum voucher Redden 5983 (US) tmk gene partial sequence and maturase K (matk) gene complete cds chiproplast
Andra aubleth voucher Cardoso J45MHUEFS) tRNA-Lys (tmK) gene intron and maturase K (matK) gene complete ¢ds chioroplast
Vouacapoua macropetala voucher Breteler 13793 (WAG) tRNA-Lys (tmi) gene partial sequence and maturase K (matk) gene complete cds
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Fig 9: Phylogenetic tree analysis and the evolutionary distances of Senna surattensis using the
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Dalbergia sp. Hughes 1237 maturase (matK) gene complete cds chloroplast gene for chloroplast

Dalbergia frutescens isolate GOSEEE malurase K (matk) gene partial cds chloroplast

Dalbergia nigra voucher L FG. Siva 74 (RB) maturase K (matk) gene complete cds chioroplast

Dabergia dyenana voucher Ge130991 maturase K (matk) gene parial cds chioroplast
Dalbergia velutina chioroplast matk gene for maturase K partial cds specimen voucher. KYUM

Dalbergia hancei voucher L14069 maturase K (malk) gene partial cds chloroplast

Dalbergia olven chioroplast partial matK gene for maturase K Q
Dalbergia retusa voucher BioBot00475 maturase K (matk) gene partial cds chioroplast :
Dalbergia fololosa voucher R.D. Ribeiro 1107 (RB) maturase K (matk) gene complete cds

Dalbergia fobolosa voucher F Filardi 740 (RB) maturase K (matk) gene complete cds chloroplast o

Dalbergia brasdiensis voucher MJF Barros s/in (RB) maturase K (matK) gene complete cds
Dalbergia melanoxylon isolate GDS869 maturase K (matk) gene partial cds chioroplast
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Dalbergia cultrata chloroplast complete genome
Dalbergia oliven chloroplast complete genome
Dalbergia martinii isolate A voucher SA-293 chloroplast complete genome

Dalbergia obovata isolate A voucher 93116 chioroplast complete genome
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Fig 10: Phylogenetic tree analysis and the evolutionary distances of Dalbergia Sissoo using the

Neighbor-Joining technique using nucleotide sequences of the MaiK gene.
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Erythnna saclewa voucher 2/11/11 maturase K (matk) gene partial cds chioroplast

Erythnna schiiebenii voucher Tree3-FMMIBE0 maturase K (matk) gene partial cds chloroplast
Erythana burtti voucher 740185-001 maturase K (matk) gense partial cds chloroplast
Erythana vanegata voucher 845400 maturase K (matk) gene partial cds chloroplast

Erythnna burana voucher T4s893 maturase K (malk) gene parial ods chioroplast

Erythrina variegata voucher 84p470 maturase K (matk) gene partial cds chioroplast

Erythrna vespertiio voucher 2010-0069-001 maturase K (matk) gene partial cds chioroplast
Erythrina vespertilio voucher 1974-0075-001 maturase K (matK) gene partial cds chloroplast
Erythnna numerosa voucher 2015-0068-004 maturase K (matK) gene partial cds chloroplast
Erythnna labssima voucher 71.0348VW malurase K (matk) gene partial ¢ds chioroplast
Ervihrina raja voucher 1996-0031-001 maturazse K [matk) gene parial cds chloroplast
Erythrina sp. MM-2019 voucher 1896-0034-001 maturase K (matK) gene partial cds chloroplast
Erythrna zeyhen voucher 6 maturase K (matk) %me partial cds chloroplast
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Enhnna addisoniae voucher 88 0030W maturase K (matk) gene partial cds chioroplast
Ervthrina sp. MM-2019 voucher 1997-0034-004 maturase K (matK) gene partial cds chioroplast
Erythrina raja voucher 1981-0247-001 maturase K (matk) gene partial cds chioroplast
Envthnna melanacantha subsp. melancantha voucher 74 0252W malurase K (matK) gene
Erythrina pemieri voucher 73.0199W maturase K (malK) gene partial cds chloroplast

Enythrina subumbrans voucher 641758 maturase K (matk) gene partial cds chloroplast

Enythrina stricta voucher 745897 maturase K (matk) gene parial cds chioroplast

Erythrina suberosa voucher 980377-001 maturase K (matk) gene partial cds chloroplast
Enythrnna falcata voucher BP Lipas 6th maturase K (matk) gene partial cds chloroplast

l| Erythrina falcata voucher 201 0-0070-001 maturase K (matk) gene partial cds chloroplast
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Fig 11: Phylogenetic tree analysis and the evolutionary distances of Erythrina humeana using the

Maximum Likelihood technique using nucleotide sequences of the MatK gene
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Acaci willindiana masthease- e probein (mstk) gene cormplete ods chloroplist
Frosaphdasirum mescanum matrase. e profein (matk) gene compleie cds chloroplast
Parkaa muliyuga voucher Kilgaard 897 (K) tRMA-Lys (bnk) gene partal sequence and matuwase K (matK) gene complete cds chiaroplast
Farlan speciosa rhaturase K-bke [malk) gene padial saquence chlaroplast gene for chionaplast product
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Manozousa russelliana woucher T. R Van Devender 84-828 tRilA Lys (i) gane intron and maturase K (math) gene complete cds chiloroplast
Mewtaria bise harans maturase K ke (maik)) gens pattial sequence chiofoplast gene bor chioroplast product
Plalfymenia rebcwata voucher Gueroz 15688 (HUEFS) malwrase K (metk) gene complete cds chiloroplast
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Alanisdodendron humberts matwase K-boe (matk) gene pariial sequence chicroplast gene for chiorplast product
Dachrostachys venosa maturase Kbke [malk]) gene paial sequence chlaroplast gene far chlcraplast praduci
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was not certified by peer review) is the autg\cl)gil;gg%e[l,nv(\jlgge %gém mn.ational mt-jwbsmmmmﬁ sa0aEEs 47T matwase K imalk) mBENA complele cds chicroplast
Leucaena trichandra voud her FHO:Hughes 1421-1424 48115 manrase F (matk]) mithdcomplete cds chloroplast
Leucasna shannoni voucher FHO Hughes 238 228001 maturase K {matk) mRRNA complete cds chloroplass
Leucaena lernprana voucher FHD Hughes 1411 91101 malurage K (malk) mEN complate cds chionoplas]
I Leucaena salvadorensis vowcher FHO Hughes 746 1T/8602 maturase K (matk) miRHA complete cds chioroplast
Leucaena colinsi veucher FHO Hughes 1137-8 518801 matrase K (malk) mitHa compbsis cds chioropiast
Leucaena zacapana voucher FHO Hughes 1066-1007 S188101 matwase K (matk) mRNA complele cds chisroplast
Leucaena tnchodes voucher FHO Hughes 982 61788 maturase K [matlk]) mENA complete cds chlomplas
Leucaena lanceata vouc ner NS FPE-CIECD 1150 maburasa K (matk) pene parial cds chionoplass
Leucaena pubrensenta vouchsr FHO Hughes 1058 848705 matuase K {matk) mENA complete ods chioopla:A
Lewc aena diveradfolia voueher FHO Hughes 1883 8283002 maturase K (matk) mRHNA complete ¢ds chlonplast
Lewcaens retuss maturase-lke prolen (matk) gens comglete cds chioroplast
Leyws aena graggi vaucher FHOHughes G505 10801 maturase K {matk) mRMNAcomplete cds ¢ hiaroplast
Lescaena malucrata voucher FHO Hughes 1572 6792 maturase K (matk) mREA complete cds chioroplast
Leucaena pallla voucher FHO Hughes 1863 FEE0Z maluase K (malk) mENA complele ods chionplas
L 32na esculenta voucher FHO Hughes 884 ATETM maturase K {matkl) mRNA complete ods chioroplast
Leuearna matudae voucher FHO Hughes 887 4807107 maturase K [maik) mRRA comglete cds chioraplas:

Lewc aena leucocephata SRA0 chlonoplast math gene for maturese 1 parbal sequence *

Leucaena laucocsphala maturase K (matkl) gene partial cds chloroplast

— e group 11

Senogaka senegal chioreplast comphele penome

group I

1 1m LIRS HLLE

Fig 12: Phylogenetic tree analysis and the evolutionary distances of Leucaena leucocephala using

the Neighbour Joining technique using nucleotide sequences of the MarK gene.
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Delonix pumila voucher Bruneau 1394 (S) trmiK gene partial sequence and maturase K (matk) gene complete cds

Delonix velutina voucher Anne Bruneau 1349 (MT) tRNA-Lys (k) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Delonix flonbunda voucher Bruneau 1405 (S) trkK gene partial sequence and maturase K (matk) gene complete cds

Delonix elata voucher Herendeen 20-X1-87-1 (US) IRNA-Lys (irmk) gene partial sequence and maturase K (matk) gene complete cds chloroplast
Lemuropisum edule voucher Philipson 3460 (K) tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Delonix bonaniana voucher Bruneau 1378 (S) trmik gene partial sequence and maturase K (malk) gene complete cds

Delonix regia voucher Archambault 3 (MT) tRNA-Lys (tmK) gene partial sequence and maturase K (matK) gene complete cds chloroplast
Feflophorum africanum voucher Koenen 606 (£) maturase K (matK) gene complete cds chloroplast

Jacqueshuberia brevipes voucher Redden 1240 (US) tRNA-Lys (trmi) gene partial sequence and maturase K (matk) gene complete cds chloroplast
Tachigali sp. Kitgaard 672 voucher Klitgaard 672 (K) tmK gene partial sequence and maturase K (matK) gene complete cds chloroplast
Parkinsonia flonda tRNA-Lys (timK) gene intron and maturase-hke protein (matk) gene complete cds chioroplast

bioRv preprint bl MISUTIS B1g BMGE0RBI R s hseh M€ s IBERE YR ds! 200 ASLb RAERRRC AT AL OG AR complete cds chioroplast

s not certified by peer review) is the author/funder, who has granted bioRxiv a license to displa;

Barkinsonia AcUlealavaRRthan & pellnbay e TO4rARIsNHIC) tRMALYS (i) gene partial sequence and maturase K (matk) gene complete cds
Parkinsonia praecox voucher Pennington 741 (E) tiK gene partial sequence and maturase K (matk) gene complete cds chloroplast

Cercidium andicola voucher R. Fortunato 7638 (BAB BH) tRNA-Lys (trnk) gene intron and maturase K-lke (matk) gene complete sequence chioro
Parkinsonia praecox voucher R. Fortunato 7566 (BAB BH) IRNA-Lys (tmi) gene intron and maturase K-like (matk) gene complete sequence chloro
Erythrophleum suaveolens voucher Yi14880-KUN plastid complete genome

—— Delonix regia SR06 chioroplast matk gene for maturase K partial sequence + -

Colvillea racemosa voucher Yi14525-KUN plastid complete genome —

Arapatiella psilophylia voucher Queiroz 16186 (dec 2015)-UEF'S plastid complete genomell =

Conzattia multifiora voucher Yi14571-KUN plastid complete genome E

Parkinsonia africana voucher Yi15010-KUN plastid compléte genome =11

0350

Fig 13: Phylogenetic tree analysis and the evolutionary distances of Delonix
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Leuscaena zacapana woucher FHO Hughes 1096-100T S7T/8801 maturase K (math) mRMNA complete cds chioroplast
Lew: aena madrophylla subdp. istmenses woucher FHO Hughes SB0-585 4T/BT1 maturass K (matk) mHA compléle cds chioroplast
Lewcsena cuspidata woucher FHO Hughes 1851 8394 maturase K (mati) mRNA complste cds chioroplast
L Leue aena Fvolud rata voueher FHO Hughes 1572 8702 maturase K (matk) mRNA ¢ omplete cds ¢hioroplast
Prosopidastrum mencansm maturase-iop protein (matk) gene compiete ods chionplast
mozypanitus carmatus voucher M. Luckow 4484 (BAB BH) tRHA-Lys (Irmk) gene mbion and maturase K-bke (matk) gens complele Sequenc
Parkia mulijuga voucher Kilgaard 85T [K) t(RMNA-Lys (imik) gene parial sequence and matwase K (matk) gene complete cds chloroplast
Paras spacioas matrass K-bke (matk]) gene parhal sequencs chioroplast gene far chlchoplast product
Pariia biglanduicsa maturase K-e (matk) gene patial sequence chloreplast gene for chiloroplast prochect
Prosopadastnem gioba sum voucher Luckow sn (BH) maturase K (matk) gene compiele cds chionplast
Parappladenia Zehninen vouchs’ Queraz 15892 (HUEFS) maturase K (malk) gene complete cde chioroplast
Parapipl adania plengapenmna v her E. Tamedras 2458 (MY) tRMA-Lys (imk) pene partal sequencs and maburage K (matk) gens
Manosousa millefoka voucher 0514858 1RNA-Lys (imi) gene mtron and maturase K (matk) gene complete ods chiomplass
Mariosousa russelliana voucher T R Van Devender 84828 t(RHA-Lys (mK) gene intron and malurase K (mali) gene complete cds chloroplast
Acaca wilardana maluwase-bhe prolen (malk) gene complete cds chioroplast
Paeudopiptadenia bahiana (RNA-Lys (Imik) gens partial sequence and maturase K (mati) gene complete cds chioroplast
Ok Mo cariiod by et roviow) 4 he autsorunder whoR o SR NIRRT S N FO A AR A TSR LR R PRRBI N lnankd) gene complete cds chioroplast
available undery GCaR A NRHANRINESIRE Queiraz 15688 (HUEFS) maturase K (matk) gene complete cds chioroplast
Hewtonia buchanans maturage K-liee (malk) gene paial sequence chilomplast gene for chiloroplast product
Mewtoras recebrandts voucher Maunn OM245T (JRALY maburacs K (matk) gens complets cds chiaroplast
F D hroStacins Soucata matursse K-Eke (matk) gene pantial Sequenc e Chloroplest gene for chicroplast prodiuct
Dichrostachys unuga maturase H-ike (malk) gene partial sequence chioropiast pene for chicroplast product
Guagnebing besraeriana maturase K-ke (matk) gene partial sequence chioroplest gene for chioropkast product
Gagnebina pervilleana maturase K-ike (matk) gene paial sequence chioroplast gene for chloroplast product
Gagnebna bakokae maturase K- (math) gene partial sequence chloroplast gene for chloroplast product
Calandropsis nervosus maturase K-e (matk) gene partial sequence chioroplast gene for chioroplast product
Alantzilodendron humbens maturase Kbl imatk) gene partal sequence chicroplast gene for chloroplast product
Dichrostachys nchandiana matuass K-k (matk) pens parial sequence chisnoplast gens lor chionoplast product
Gagnebing plerocarpa Maturase K-bke (Matk) gene partial SSquence chioroplast gene for Chioroplast product
Alarisdodendron alluadiaruem maturase K-l (matk) pene partial sequence chionoplast gene for chloroplast product
Alartsiodernd on ek maturase Kobke (matk) gere partal sequence cHoroplast gere for ¢ hloroplast produc )
mmm:m&w:mmhmhmhﬂﬁdmn**—
|mmmcwwmamt

WWMMMI group 1l

Parioa preanica chionoplast complebe genome

Fig 14: Phylogenetic tree analysis and the evolutionary distances of Dichrostachys

Cinerea.
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Drelonic: pumida volcher Bruneau 1304 (5) K gene partal sequence and maturase K (Matk) gene complete cds

Dedonix elata voucher Fris & al. 10280 (K) il gene partial Sequence and maturases K (matk) gend complele cos

Dhono: Bonbunds voucher Anne: Bruneau 1409 (MT) t(RMA-Lys (tnk) gene parial sequence and maturdse K (math) gens complete cds ¢
Delons Bonbunda voucber Bruneau 1405 (5] i gene parial Sequence and maturase K (mathk) gens comphete cds

Deslono: weluting woud her Anng Bruneau 1349 (MT) tRNA-LyS (tmK) gene partial sequence and maturase K (matk) gene complets ods chioroplast
Cohilea racemosa voucher Bruneau 1397 (WT) tRNA-Lys i) gene intran and nonfund tonal maturase K (matk) gene complete sequence
Dedonix elata voucher Herendeen 20-30-97-1 (US) (RNA-Lys (bmK) gene parlial sequence and maturase K (malk) gene complete cds chloroplast
Delonix boraniana voucher Bruneau 1401 (S) imK gene partial sequence and maturase K (malk) gene compléte cds

Lemuropisurn edule voucher Phillpson 2460 (K] IRMA-Lys (irmk) gene partal sequence and maturase K (malk) gene complete cds chioroplast
Deslonc: boraniana voucher Bruneau 1381 (5) ik pene partial Sequence and maturase K [matk) gene complete ods

Delono: boraniana voucher Bruneau 1378 (5) ik pene partial Sequence and maturase K [matk) gene comphete ods

Dedono: bobvirsana voucher Andriarmihajamvo 919 tmi gene partial sequence and maturase K (matk) gene complete cds

Dredoni: regea voucher Arc harmbauk 3 (MT) tRNA-Lys (imK) gene partial sequence and maturase K [mati) gene cormplele cds chionoplast
Dedonix regea voucher TrottaB501 51 malurase K (malk) gene patial cds chioroplast

)E;[ﬁ:mmgﬁa. The copyrighmgem:;g;rmvﬁw} RSN COMpANS £ CRrpat
mmwmmwwm [rnidygene partial sequence and maturase K (matk) gene complete cds ¢
Tachugak sp. Kitgaard 672 voucher Kitgaard 672 (K) tmK gene panial sequence and maturase K (matk() gene complete cis chioroplast
Conzatua mulifiors voucher Sahagun 5.n. tRNA-LyS (imK) gene partial sequence and maturase K (matk) gens compiete cds chioroplast
Parlonsonia praecax voucher Penmington 741 (E) tmK gene partial sequence and maturase K [matk) gene complete ods ¢hlorplast

- Pararsonsa prsecox vauches R Forlunats T556 (BAB BH) tRNA.Lys (tmK) gene ritron and maturase K ke [matk) gens complele sequence

o

Farkingonia flonds (RMA-Lys (i) gene ntron and maturaseie protein (matk) gene complete cds ¢hloraplast

Parkngonia aculeala maturage-biog probein [matk) gene complete cds chionoplast

Parkingomna microphylla voucher M F Wojckechowski 1279 (ASU) maturase K (matk) gene complete cds chioroplast

Cercidum anchcola voucher R Forunate 7638 (BAB BH) IRNA-Lys (k) gene intron and maturase K.bke (Matk) gene complete sequence

Parkinsonia aculeata SR11 chioroplast matk gene for maturase K partial sequence .*_

Delonix riged SF0E chloroplas! matk gend fof matursse K parial sequencs -‘_

IEM.:HIII rruEfions voucher YiT4571-KLUIN plashid complate gendarme

by

Parkinsonia africana voucher Yi15010-KUN plastid complete genome gr{)up II

Cobalen racemosa voucher Y1452 5-KUN plashd complete genonms
Enythrophlewn suavealens voucher il 4880-HUN plastid complete genome

Fig 15: Phylogenetic tree analysis and the evolutionary distances of Parkinsonia aculeata
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avallable UndFA GRE HMBENAYA 980 FRne partal sequence and maturase K (matk() gere complete cds chioroplast

Inksia

Schotia capiats voucher K Winber Vahnmedger B4602 tRNA-Lys (i) gene inbron and maturace K (matk) gene compleste cds chionoplast

Schotia latiola woucher Kew no. 1648-52201 Bruneaw s n. 28-08-1905 IRNA-Lys (imi) gene partal sequente and maturase K (matk] gene complele
Schotia afra voucher Hodgkess 75357 maturase B (matk) gene complete cds plasid

Brandpeis e foka voucher K Capuran 11268 (RMA.Lys (trnk) gene intron and rraturase K (malkl) gene complete cos ehilonplast
Giletadendron MErEara woucher Wiennga 5448 (WAG) I pene parial sequaenc & and maurase K (maik) gere compisie cds chionoplast
Gilebodendron plermearum woucher Breteler 14167 (WAG) IRMA-Lys (imK) gens paral sequence and maturase K (matk) pens complele cds
Alreda bipndensis voucher Breteler 15805 (WAG) IRMA-Lys (imi) gene patial sequence and maburase K imath] pene complete cds chioroplast
IntsEa bauga voucher Utterridge 23 (MT) 1IRMA-Lys (k) gene partial Ssequence and maturase: K (matk) gene complele cds chionoplast

Alzeka aricana voucher Jonghkind 2440 (VAG) rk gene parial sequence snd raturase K (matk) gene complete cde chioraplast

Inésua Ep. YWernga 4183 voucher Wiennga 4183 (WAG) bmik gens paral sequence and maslursse K (maiik) gene paral cos chioroplast

Alpeka bella voucher Chase s.n (K) IRNA-Lys (imiK) gene partial sequence and maturase K (matk) gens complete cds chionoplast

Alrela quanrensis voucher Heendeen 9-)0-97-4 (US) tenk gene partial sequence and matursse K (matk) gene complete cds chionplast
Lysacice rivadostegia voucher Rickson sn (O5C) tmi gene partial Sequenc e and maturase K (matk) gens complete ods chiloroplast

Ekrabstiag macrostachya vouther Redden 3714 (US) bmik pens parial sequence and maturese K (matk) gene complete cds chioroplas!
Broemea ariza voucher Wiernga 4167 (WAG) tmK gere partal sequence and mabarase K (matk) gene complete cds chioroplast

Bacrevnea lalifolia vouc b Stepermark 88845 (NY]) tmil gene partial sequence and maturase K imaltl) pene partial cds chionoplast

group 1

Bicwnea grandiceps vouc her Fougere 2n (MT) imk gene partial sequence and maturase K [mati) gene compltle ods chioroplast
Bucrames COCC TS vouher Fougens 33 (MT) tmk gere pamal sequend s and maburase K (math) pene complete ods ¢ honoplast
Padoys guiantnsss voucher Poncy 1686 (P CAY MY US) (RMA-Lys (k) gend partial sequence and maturacdse B (matkl) gene complete ¢ds chionplast

[ Brownea $p. Lavin G225 maturase-lios proten (matk) gene compiete cds chioroplast

' Ekzabetha grahamaae voucher Redden 3000 (LS) ik gene panial sequence and maturase K (matk) gene complele cds chlonoplast
Brovwmeopss deepala voucher Kipaand G032 (K) tmK gene partial sequence and maturase K (malk) gene complete cds chioroplast
sp. Herendeen TVEE2 voucher Herendeen 1-V-08.2 (US) tmk gens partial sequence and maturase K (matk) gene complete cds chioroplast

Schotia brachypetala SR12 chicroplast matkl pine for maburase K partial Sequenca .*—

Iﬂmmmmwm%-mmwwM

a5

Schitia afra voucher Yi14510-KUN plastd complete gename

Schotia brachypetala voucher RADS-846 JEM 1858-57. 1875 chloroplast complebe genoms

S ———— group 11

Azl quanzensis vouchsr ¥il4511-KUIN plasid complete genome
Intsia bayuga voucher YildT04-KUN plastd complete penomes
Alreha vylocaipa chioroplast complebe panarme

Fig 16: Phylogenetic tree analysis and the evolutionary distances of Schotia brachypetala
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Zollernia latifolia voucher A Popovian 887 (HUEFS) maturase K (matk) gene complete cds chloroplast

Zollarnia magnifica maturase (matk)) gene complate cds chioroplast

Lecointea hatschbachii maturase (matk) gene complete cds chloroplast

Lecointea pernuviana voucher BT Pennington 976 (E) maturase K (matK) gene complete cds chioroplast

Lecointea peruviana voucher Klitgaard 679 (K) IRMA-Lys (imK) gene partial sequence and maturase K (malk) gene
Holoc alyx balansae malurase K (matk) gene complete cds chioroplast

Holocalyx balansae voucher HUEFS: L P de Queiroz ef al. 16000 maturase K (matk) gene complete cds chloroplast
Holocalyx balansae malurase (matk) gene complete cds chloroplast

Unbea tamanndoides maturase K (matK) gene complete cds chioroplast

Clathrotropis macrocarpa voucher H.C Lima 2747 (RB) maturase K (matkK) gene complete cds chioroplast
Orphanodendron bermals voucher Cogollo 12796 maturase K (matk) gene complete cds chioroplast

Aldna heterophylla voucher D.Cardoso 3288 (HUEFS) maturase K (matk) gene complete cds chloroplast

Aldina insignis maturase gene complete cds chioroplast

Ridina Bifofia voucker I ardose 2428 (HUEFS) maturase K (matk) gene complete cds chioroplast
Aldina latifolia voucher D Cardoso 2885 (HUEFS) maturase K (matK) gene complete cds chioroplast
Alexa bauhinsflora voucher H.C. Lirma 7330 (RB) maturase K (matK) gene comphete cds chioroplast

group 1

Pelaladenium urceoliferum voucher D Cardoso 3345 (HUEFS) maturase K (matK) gene complete cds chioroplast
Dussia macroprophyllata voucher BT Pennington 806 (E) malurase K (matK) gene complele cds chioroplast
Dussia lanata voucher R.T.Pennington 560 (E) maturase K (matk) gene complete cds chioroplast
Dussia sp. B2 AC-2014 maturase K (matK) gene complete cds chioroplast
Dussia discolor voucher 5.4 Mon 24728 (NY) maturase K (matkK) gene complete cds chioroplast
Dussia kehmannil voucher R. T Pennington 550 (E) maturase K (matk) gene complete cds chloroplast
Dussia kehmannii voucher R. T Pennington 553 (E) maturase K (matk) gene partial cds chloroplast
Amphimas plerocarpoides voucher C.C H Jongland 7285 (WAG) maturase K (matk) gene complele cds chloroplast
Sophora secundfiora SR14 chioroplast matK gene for maturase K, partial cds -*——
Cladrastis kentukea tmi gene partial sequence and matkl gene complete sequence ¢hloroplast
Cladrastis detavayi maturase-like protein (matk) gene complete cds chioroplast
Cladrastis platycarpa maturase-like protein (matk) gene complete cds chloroplast

—

Amphimas ferrugineus voucher F.J Breteler 15369 (WAG) maturase K (matK) gene complete cds chloroplast

Calia anzonica maturase-like prolesn (matk) gene complete cds chloroplast
Sophora secundifiora voucher J L Reveal 2619 (US) maturase K (matk) gene partial cds chioroplast
Dematophylium anzonicum voucher M Johnson al. 405 (K) maturase K (matk) gene partial cds chloroplast

| Dussia macroprophyllata voucher M. Zamora6909-Costa Rica plastid complele genome

050

Dermatophylium secundiflorum voucher P Tenono 13895-M0 plastid complete genome
Zollemia splendens voucher Yi15501-KUN plastid complete genome

group 11

Fig 17; Phylogenetic tree analysis and the evolutionary distances of Sophora secundiflora
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Plerocarpus officmals subsp. officinales rsolate 602 maluwase K (malk) gene partial cds chlonoplast
Preroc arpus officinalis subsp. officinalis isolate 501 maturase K (malk) gene partal cds chioroplast
Perocanus tinclonus isolate 441 maturase K (matk) gene partial cds chioroplast
Pherocapus ernaceus isolate 554 maturase K (matk) gene partal ods chioroplast
Pterocarpus tinctorius isolate 558 maturase K (matk) gene partial cds chioropast
Prerocarpus tinctonus isclate 572 maturase K (matk) gene partial cds chioroplast
Plerocarpus rohm voucher RD. Ribearo 1108 (RB) maturase K (matk) gene complete cds chioroplast
Tpuana tipu malurase (matk) gene complele cds chioroplast gene for chioroplast product
Platypodium elegans isolate PEEADET matwase K (matk) gene partial cds chioroplast
Centrolobium paraense voucher Lima H.C. de 5688 (RB) Imk gene partal sequence and maturase K-ke (matk) gene complele sequent e
Centrodobiam sclerophylum voucher H.C. Lima 8510 (RB) maturase K (matk) gene complele cds chioroplast
Centrodobium ochroxylem voucher Kilgaasd B B. 551 (AAL trmil gene partial sequence and maturase K-oe (matk) gene compiete sequenc
Centrolobium rmicroc haebe voucher Hatchbach G, 48088 (FINY) tml pene partial sequence and maturase K-k (matk) gene complete
Centrolobium sclerophyium voucher Lima H.C. de 1635 (K) tmik gene partial Sequence and maturase 1o (math) gend complete Sequenc
Centrolobium robustum voucher L F G Siva 19 (RB) maturase K (matk) gene compléle cds chioroplasi
bioFszic‘vS e]r matp(r:ienrtt icfiice)i(:j r;)ttps://doi.oygllq.1101/2021.07.2 /1454001 lthis versionrpestiaetdL 12024 .(Thescopyiight qmwmw complete cds chloroplast
y peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available undefi@(GEnBY, 40 Internalionatlioenses (matk) gene complete cds chioroplast gene for chioroplast product
Centralobwm tormentoesum voucher L F.G Sibva 58 (HB) maturase K [malk) gene complete cds chioroplast
Pierccarpus midbraedi subsp. mildbraedii isolale 546 maturase K (matk) gens parial cds chioroplast
Plerot arpus acapulcensss solate 631 maturase K {matk) gene patial cds chioroplast
Tipuana tipu SR15 chioroplast m;cmum:ummmm-‘——
Pterocarpus santalinus isolate TEZT chioroplast complete genome{2)
Prerocanpus santalinus isolate TXIT chioroplast complete genome
Plerocarpus macrocarpas solate PM1803 chioroplast complele genome gl‘ﬂllp ll
Prérocarpus padatus solate NiaoZZT chioroplast comphéte Qenom
Pterocanpus marsupium isolate NangZZT chioroplast complete genome

group I

——— ———

150 100 U 1] 1]e

Fig 18; Phylogenetic tree analysis and the evolutionary distances of Tipuana Tipu
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Fig 19: Evolutionary analysis of legume tree species grown in Egypt in this study using

Matk gene by Maximum Likelihood method.
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