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Abstract: In the Kingdom of Saudi Arabia (KSA), thousands of plants are con-
sidered to have therapeutic value. The ambiguous use of identification mainly
morphological characteristics of many plants has resulted in the adulteration
and displacement of plant products which undermine their therapeutic value
and weak documentation of plant resources. The aims of this study were therefore
to evaluate genetic variability and explore the phylogeographic architecture for
Saudi medicinal plant samples using rbcL and matK genes as barcodes for geno-
mic identification. The matK and rbcL sequences collected for these samples were
used as key markers for examining the relationship between Saudi medicinal plant
species based on genetic diversity. During our study we were successful in iden-
tifying and documenting 4 different species (Foeniculum vulgare, Nitraria retusa,
Dodonaea viscosa, and Rumex nervosus) located in Saudi Arabia using DNA bar-
coding technique. A total number of 8 sequences were obtained with a total
sequence length of 6176 bp, where it ranged from 617 bp to 878 bp with an aver-
age length of 772 bp. The total number of rbcL sequences length is 2801 bp,
where it ranges from 617 bp to 807 bp with an average length of 700.2 bp.
Out of the 4 plant samples used, only three samples were identified correctly
on the species level with an identity percentage higher than 95% using rbcL gene.
Additionally, 4 matK sequences have been retrieved belong to 4 species. The total
number of matK sequences length is 3375 bp, where it ranges from 819 bp to
878 bp with an average length of 843.8 bp. Out of the 4 plant samples used, only
two samples were identified correctly on the species level with an identity percen-
tage higher than 98% using matK gene. Both rbcL and matK have been able to
identify most of our collected plant samples by genus, and some by species. Using
only one DNA-barcoding technique was not reliable for plant identification,
where matK and rbcL must be used as a dual DNA-barcoding procedure.

Keywords: Phylogeographic architecture; genomic identification; DNA
barcoding

1 Introduction

Ethnic knowledge of ancient and yet still usable conventional Saudi medicine among locals and medical
healers. In the Kingdom of Saudi Arabia (KSA), higher than 1200 (more than 50%) of the total plants (2250)
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are considered to be of therapeutic value [1]. Additionally, this indigenous knowledge and cultural
experiences were passed orally without recording and the traditional healers die without passing on their
information [2]. Additionally, today medicinal plants are promoted as herbal medicines or natural health
products. They are often considered as safe but adulterated, falsified and low-quality products pose
serious security threats to consumers and the current markets [3]. Inaccurate identification use
predominantly morphological characteristics of many plants has resulting in adulteration and
displacement of plant products which undermine their therapeutic value [4].

Morphological characterization continues to be the foundation of plant taxonomic diagnosis.
Unfortunately there are some substantial drawbacks to relying solely on morphology. This has raised a
need for more advanced and sufficient molecular tools could be used recursively to identify medical plant
taxonomic profiles with lower margin of error. The evolution of molecular genetics has resulted in a new
approach based on the diversity of nucleotide sequences across species called “DNA barcoding” [5,6].
Morphology-based identification of medicinal plants is a classic approach, and molecular techniques
based on DNA have progressively been used for taxonomic identification. Short uniform segment of the
genome that serves as a “barcode” pattern has been suggested as a technology which provides accurate
identification of species [7]. The plant committee Barcode of Life (CBOL) consortium has proposed
matK and rbcL as the main plant barcode regions [8]. Barcoding is helpful in identifying the origin
species of medicines and has also been used to identify contamination of foreign material in natural
medicines, particularly those in small pieces or forms of powder [9]. Development within DNA-
barcoding systematic has led to different approaches in herbal phylogenetic being introduced and the use
of recently developed molecular markers expanded.

The plastid genome is uniparently acquired, non-re-combined and a structurally stable genome which is
the most motivating rival genes for plant DNA barcoding [10]. The RuBisCO large subunit (rbcL) plastid
marker was commonly used to study unknown taxonomic position of species to elucidate taxonomic
connections between different species [11]. It was supported by the stable exon structure of the »bcL gene
and high amino acid sequence similarity as a reliable marker for these research fields [12]. Maturase K is
a chloroplast-encoding gene nested in the large single copy region of the chloroplast genome [13]. The
matK gene is regarded to evolve quickly, as the gene seems to have a high degree of mutation rate and its
sequence is much more varied than most other genes [14,15]. For a reliable plant DNA barcode including
rbeL and matK, not fewer than two genes are essential. rbcL can be recognized by genus and family level
whereas matK is the variable part of the code for species confirmation [16]. Moreover, bioinformatics
analysis techniques have provided more insight on genetic diversity of species populations and offer more
comprehensive about genetic sequence analysis [17].

The integration of such technology into the identification and phylogenetic analysis of Saudi medicinal
plants could therefore be key to the conservation of natural resources. The aim of this study was therefore to
evaluate genetic variability and explore the phylogeographic architecture for Saudi medicinal plant samples
using rbcL and matK genes as barcodes for genomic identification. The matK and rbcL sequences collected
for these samples were used as key markers for examining the relationship between Saudi medicinal plant
species based on genetic diversity. Additionally, after aligning new sequences against GenBank databases,
the efficacy of rbcL/matK based DNA barcoding was assessed for species identification and differentiation.

2 Materials and Methods

2.1 Plant Material

Four medicinal plant samples were obtained from different geographical locations in KSA. These
samples belong to four different medicinal plant species (Dodonaea viscosa, Foeniculum vulgare,
Nitraria retusa, and Rumex nervosus).
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2.2 DNA Barcode Analysis
2.2.1 Extraction and Purification of DNA

Four different medicinal plant leaf specimens were collected and ground to a fine powder in liquid
nitrogen using a sterile mortar and pestle. For DNA extraction and purification reported by Alshehri et al.
[18]. The concentration and quality of extracted DNA was estimated by running on 1% agarose gel
electrophoresis, using a DNA size marker (100 bp DNA Ladder from New England Bio-labs).

2.2.2 PCR Amplification

For rbcL and matK PCR primers the reverse and forward primers were, respectively, rbcL-F (5'-
ATGTCACCACAAACAGAGACTAAAGC-3") and rbcL-R (5'-TCGCATGTACCTGCAGTAGC-3"), matK-F
(5'-ATCCATCTGGAAATCTTAGTTC-3") and matK-R (5'-CTTCCTCTGTAAAGAATTC-3"). For rbcL and
matK genes the PCR the reaction mixture consisted of 15 mM MgCl,, 1x buffer (Promega), 0.2 mM
dNTPs, 1 p of Tag DNA polymerase (GoTaq, Promega), 20 pcoml of each primers, 40 ng DNA and
distiled deionized water to a volume of 25 pL. PCR amplification was performed in 40 cycles (94°C for
30 s, 50°C for 30 s and 72°C for 30 s). Electrophoresis of the amplification of PCR products was
screened in an agarose gel (1.5%) containing ethidium bromide (0.5 pg/ml). PCR products have been
viewed and photoed using a Gel Documentation System (BIO-RAD 2000) on UV light. The PCR was
carried out with a Perkin-Elmer/GeneAmp® PCR System 9700 (PE Applied Biosystems, USA)
programmed to fulfill 40 cycles after an initial denaturation cycle for 5 min at 94°C. Each cycle consisted
of a denaturation step at 94°C for 30 s, an annealing step at 50°C for 30 s and an elongation step at 72°C
for 30 s. The primer extension segment was extended to 7 min at 72°C in the final cycle. The
amplification products were determined by electrophoresis in a 1.5% agarose gel using ethidium bromide
(0.5 pg/ml) in 1X Tris borate Edita (TBE) buffer at 95 volts. For PCR product sizes determination, a
marker 100 bp DNA ladder (Promega, USA), was used as a molecular size standard. Gel images were
visualized using UV transilluminator and photographed using a Gel Documentation System
(BIO-RAD 2000, USA).

2.2.3 PCR Purification and Sequencing

GeneJET PCR Purification Kit (Catalog number: KO701) was used for the purification of amplified PCR
products using manufacturer’s manual. The extracted PCR products have been incubated for 2 min at
ambient temperature, or at —20°C when stored. Macrogen Inc., Korea used Sanger DNA sequencing tech
to perform the rbcL and matK PCR products DNA sequencing.

2.2.4 Computational Analysis

The product sequences rbcL and matK PCR were used to identify species utilizing NCBI-BLAST to
search GenBank databases [4]. Species identifications were adopted if they gave more than 98%
similarity to the database comparison sequences. NCBI-Blast disclosed the most similar 50 rbcL and
matK sequences to be used for more phylogenetic analysis. Sequence Alignments were conducted using
CLUSTALW [19]. The phylogenetic analysis was performed using iTOL [3]. Multivariate phylogenetic
visualizing and clustering of data of similarity was shown using ClustVis web tool [20]. Extra sequences
of medicinal plants obtained from GenBank have been used in the geographical distribution screening
shown using the “rworldmap” package through R [21].

3 Result and Discussion

3.1 Species ldentification

A total number of 8 sequences were obtained with a total sequence length of 6176 bp, where it ranged
from 617 bp to 878 bp with an average length of 772 bp (Supplementary 1). Among these sequences, 4 rbcL
sequences have been retrieved belong to 4 different plant species. The total number of rbcL sequences length
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is 2801 bp, where it ranges from 617 bp to 807 bp with an average length of 700.2 bp. The NCBI-BLAST
system successfully identified 4 »bcL sample sequences by genus. Out of the 4 plant samples used, only three
samples were identified correctly on the species level with an identity percentage higher than 95% (Tab. 1).
Although rbcL was successful to identify sample 4 genus, it did not identify the correct species of the sample
belong to Rumex nervosus (Tab. 1). Through further investigation it has been concluded that, there is only
one DNA-barcoding sequence related to this species in NCBI database until now (3/3/2020), which belongs
to ITS2 gene. This could confirm the lack of information in the NCBI database regarding this plant, and could
shine a light for further studies. The sequence coverage for most sequenced rbcL genes was 100%, which

Table 1: The NCBI blast results for retrieved matK and rbcL sequences. The scoring results of sequences
alignment, where sample species (SS), sequence coverage (QC), E-value (EV), sequences identity score (SI)
reveals genes with high similarity to our retrieved sequences

S. No. SS gene TS QC EV SI Accession
1 Foeniculum vulgare matK Foeniculum vulgare 97.00% 0 99.65% YP_009235860.1
matK Foeniculum vulgare 96.00% 0 100.00% AWM67414.1
matK Foeniculum vulgare 96.00% 0 100.00% AFC82721.1
2 Nitraria retusa matK Nitraria roborowskii 99.00% 6E-177 95.96% QHE65566.1
matK Nitraria roborowskii 88.00% 1E-169 95.85% AEQ47266.1
matK Nitraria roborowskii 87.00% 7E-169 95.83% AEQ47267.1
3 Dodonaea viscose ~ matK Dodonaea viscosa 91.00% 1E-170 97.60% AKIJ76991.1
matK Dodonaea viscosa 92.00% 3E-169 96.85% YP_009437361.1
matK Dodonaea viscosa 88.00% 9E-168 98.36% QAVS55715.1
4 Rumex nervosus matK Commicarpus plumbagineus 91.00% 1E-174 99.62% ATDS50701.1
matK Commicarpus scandens 91.00% 1E-174 99.62% ATD50705.1
matK Commicarpus boissieri 91.00% 2E-174 99.62% ATD50686.1
matK Commicarpus coctoris 91.00% 2E-174 99.62% ATD50689.1
5 Foeniculum vulgare rbcL Rhodiola bupleuroides 91.00% 9E-133 95.42% AIl70523.1
rbel.  Primula japonica 98.00% O6E-132 94.77% AAMS50479.1
rbcL  Rhodiola himalensis 91.00% 1E-131 95.42%  AIl70548.1
rbcL  Fenerivia emarginata 91.00% 1E-131 94.12% AERS51997.1
6 Nitraria retusa rbcl  Lysimachia christinae 97.00% 2E-147 96.89% AFD30872.2
rbcL  Rosaceae sp. 97.00% 2E-147 97.33% QAT81573.1
rbcL  Crypteronia paniculata 97.00% 3E-147 97.33% AOQO78041.1
7 Dodonaea viscose — rbcL  Acer negundo 97.00% 6E-113 89.05% CBK52928.1
rbcL  Euodia fraxinifolia 97.00% 7E-113 89.05% AHI17504.1
rbcL  Carapa procera 97.00% 1E-112 89.05% ACN42354.1
8 Rumex nervosus rbcL  Rumex nepalensis 99.00% 2E-148 96.92% AEMO05112.1
rbcL  Rumex nepalensis 99.00% 2E-148 96.92% AEMO05113.1

rbcl.  Rumex acetosa 99.00% 8E-148 96.46% ANWSI1115.1
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indicate high PCR amplification performance. Our findings are not at variance with previous results recorded
rbeL is the most successful sequence quality and recovered loci [22]. The identification power of rbcL on
species level was lower than expected, which could indicate small difference between inter-species and
intra-species variation was observed. This rbcL gene limitation has also been reported in similar species
of Ardisia, Sweretia chirayita and Mentha [23].

Additionally, 4 matK sequences have been retrieved belong to 4 species (Foeniculum vulgare, Nitraria
retusa, Dodonaea viscosa, and Rumex nervosus). The total number of matK sequences length is 3375 bp,
where it ranges from 819 bp to 878 bp with an average length of 843.8 bp. The NCBI-BLAST system
successfully identified 3 matK sample sequences by genus. Out of the 4 plant samples used, only two
samples were identified correctly on the species level (Foeniculum vulgare, and Dodonaea viscosa) with
an identity percentage higher than 98% (Tab. 1). Although matK was successful to identify sample
3 genus, it did not identify the correct species of the samples of Nitraria retusa, and Rumex nervosus
(Tab. 1). The sequence coverage for most sequenced matK genes was 98%, which indicate high PCR
amplification performance (Tab. 1). The ability of matK to differentiate between species is not always
reliable, matK has been reported to have significant variation and can be used in the nutmeg family News
master for DNA barcode [24], while it cannot be used to distinguish Myristica species. Therefore, it was
suggested that minimum requirement for species differentiation through matK gene sequencing is 99.64%
similarity (Figs. 1 and 2) [23,25,26].

3.2 Sequence Alignment and Phylogenetic Analysis

The sequence alignment of rbcL sequences revealed mutation rate of sequence structure, where
sequence mutation in middle sequence is quite high (Fig. 3). The heatmap of sequence similarities
revealed high abundance of sequences similarity in inter-species and high evolution rate within intra-
species sequences (Fig. 4). Where the Foeniculum genus revealed high sequence differentiation compared
to other studied species (Fig. 4). Additionally, both Figs. 3 and 4 indicate high genetic variability of
sample 3 (Dodonaea viscosa) compared to other studied species. The phylogenetic tree built using rbclL
sequences was grouped into 3 different groups, each group containing one genus (Fig. 5). Except for the
rbcL of Dodonaea viscosa all rbcL was able to differentiate between all species, where Foeniculum
vulgare sequences were clustered at 0.01 of sequence difference, Rumex nervosus at 0.18, and Nitraria
retusa at 0.24.

The sequence alignment of matK sequences revealed high conservation of sequence structure among
same genus and high mutation rate between different genus, where sequence mutation is not restricted to
sequence area (Fig. 6). The heatmap of sequence similarities revealed low ability of matK gene sequences
to differentiate between some genus (Fig. 7). The phylogenetic tree built using matK sequences was
grouped into 3 different groups, only two groups contain one genus (Nitraria retusa, and Foeniculum
vulgare) (Fig. 8). Except for Dodonaea viscosa and Rumex nervosus the matK was able to differentiate
between species depending on phylogentic analysis, however Foeniculum vulgare sequences were
clustered at 0.75 of sequence difference, and Nitraria retusa at 0.018.
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Figure 1: The NCBI blast results for retrieved rbcL sequences
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Figure 2: The NCBI blast results for retrieved matK sequences
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Figure 3: The sequence alignment of retrieved rbcL sequences in addition to similar plant sequences
retrieved from NCBI
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Figure 5: The phylogenetic tree of retrieved rbcL sequences (yellow colored) in addition to similar plant
sequences retrieved from NCBI
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Figure 6: The sequence alignment of retrieved matK sequences in addition to similar plant

retrieved from NCBI
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Figure 7: The heatmap analysis of matK sequences depending on sequence similarities, where red color
indicates high sequence difference and blue color indicates high sequence similarities
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Figure 8: The heatmap analysis of matK sequences depending on sequence similarities, where red color
indicates high sequence difference and blue color indicates high sequence similarities

4 Conclusion

It is very important for KSA researcher to preserve our medicinal plant resources using modern and
effective techniques. These techniques would provide more comprehensive way for plant documentation
and recognition. During our study we were successful in identifying and documenting 4 different species
located in Saudi Arabia using DNA barcoding technique. Both rbcL and matK have been able to identify
most of our collected plant samples by genus, and some by species. Using only one DNA-barcoding
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technique was not reliable for plant identification, where matK and rbcl must be used in dual DNA-
barcoding procedures.
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Supplementry
Sample 1 matK-1 Foeniculum_vulgare

GGGGGTTTTTTAGTGTTAGAGATACTAATACCCTACCCAGCCCATCTGGAAATATTGGTTCA
AACTCTTCGCTATTGGGTAAAAGACGCTTCTTCTTTACATTTATTAAGATTCTTTCTCCACGAGT
ATCGTAGTTGGAATACTCCAAATAAAGCCAGTTCTTGTTTTTCAAAAAGAAATCAAAGGTTTTT
CTTCGTCCTATATAATTCTCATCTATGTGAATACGAATCCATCTTCGTCTTTTTTCGTAACCAATCT
TCTCATTTATGCTCAACGTCTTCTGGAACCCTTCTTGAACGAATCTTTTTCTATGGAAAAATAGA
ACATCTTGGACTTGTAGAAGCTTTTGATAAGGCCTTTCAGGACAATCTATGGTTGTTTAAGGAC
CCTTTCATGCATTATATTAGGTATCAAGGAAAATCAATTCTCGCTTCAAAAGGGACGCCCCTTTT
GATGAAAAAATGGACATATTTTTTTGTCAATTTATGGAAATGTCATTTTTACCTATGGTCTCAGCC
GGGACGGATCTGTATAAACCAATTATATAATAATTCCCTAGCTCTTCTGGGCTATCTATCAAGTGC
GCGACTAAATCCTTCAATGGTACGCAGTCAAATGCTAGAAAATGCATTTATAATTGATAATCCTA
TTAATAAGTTCGATACTCTTGTTCCAATTGTTCCTCTGATTGGATCATTGGCTAAGGCGAGATTTT
GTAACGTATTGGGGCACCCTATTAGTAAGGCGGTTTGGACTGATTTATCAGATTCTGATATTGTTG
TCCGATTTAGGAGTATCTGCAGAAATCTTTCTCATTATTATAGTGGATCCTCACAAAAAAAGAGT
TTGTATCGAATAAAGTGGGGGGGTTTTTTTTT

Sample 2 matK-2 Nitraria retusa

ATATATTTTATTCGATACAAACTCTTTTTTTTTGAGGATCCACTGTGATAATGAGAAAGATTT
CTGCATATATGCACAAATCGATCGATAATATGAGAATCGGAGGAATCGGCCCAGGTCGGTTTAC
TAATGGGATGACCTAATGTGTTACAAAACCCCGCCTTAGTCAATGATCCAATCAGAGGAATAAT
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GGGAATGTTTGTATCGAACTTCCTCATGGCATTATCTATTAGAAATGAATTTTCTAACATTTGAGT
CCGTACCACCAAAGGATTTACTCCCACATTAGAAAGATAGCCTAGAAAGTTGATAGAATGTTTG
AATAGGTGGTTTATATGGACCCTTCCTGGTTGAGACCACACATGAAAATGCGATTGCCATAAATT
GACAAAGTAATATTTCCATTTATTCATCAGAAGAGGCGTATCTTTTGAAGCGAGAATAGATTTTCC
TTGATATCTAACATAATGCAGGAAAGGATCCTTGAACAAACATAAGATGTCCTGAAAATCATTAG
CAACAACTTCGGCAAGATATTCTACTTTTCCATAGAAATATATTCGCTCAAGAAAGACTCCAGAA
GATGTTGATCGTAAATGAGACGATTGGTTACAGATAAAAAAGAAGATAGATTCATATTCACATA
AATGAGAATTATATAGGAAGAAGAATAATCTTTGATTACTTTTTGAAAAAATCGAAATCGATTTC
TTTGGAGTAATAAAACTATTCCAATTAAAATACTCATGGAGAAAGAACCGTAATAAATGTAAAG
AAGAGGCGTCTTTTACCGAGTAGCGAAGGGTTTGAACCAAGATT

Sample 3 matK-1 Dodonaea viscose

TAGATATTTATACATCGATACAAACTCTTTTTTTTTGAGGATCCACTGTGATAATGAGAAAG
ATTTCTGCATATACGCGCAAACCGGTCGATAATATGAGAATCTGAGGAATCGGCCCAAGTCGGC
TTACTAATGGGATGCCCTAATGGGTTACAAAAACGCGCCTTAGTCAATGATCCAATCAGAGGAA
TAATAGGAATGGTTGTCTCGAACTTCTTCATAGCATTATCTATTAGAAATGAATTTTCTAGCATTT
GACTCCGTACCACCAAAGTTTTTAGTTGCCCACTGGAAAAATAGCCCAGAAAGTGGATAGAATC
TTTGTATAAGTAGTTTATATGAATCCTTCCGAGTTGAGACCACACGTGAAAATTCCATTGCCATA
AATTGACAAGGTAATATTTCCATTTATTCATCAGAAGGGGTGTTTTTTTTGAAGCCAGAATGGAT
TTTCCTTGATATCTAAGATAATGCATGAAAGGATCCTTGAACAAGCATAAGATGTCCTGAAAATC
ATTAGCAAAGACTCCGACAAGATGTTCTACTTTTCCATAAAAATGGATTCGCTCAAGAAGGACT
CCAGAAGATGTTGATCGTAAATGAGAAGATTGGTTACGGAGAAAAAAGAAGATGGATTCATAT
TCATATACATGAGAATTATATAGGAAAAAGAAAAATCTTGGATTACTTGTTAAAAAAATAGAAAT
GGATTTCTTTGGAGTAATAAGACAATTCCAATTATAATATTCGTAAAGAAAGAATCACAATAGAT
GTAAAGAAGAGGCATCTTTTACTCAGTAGCGAAAGGTGTGAGCCACG ATTTC

Sample 4 matK-5 Rumex nervosus

CCAGTTCGAGCCATGGAGTCGATGTATATACTTTATTCGATACAAACTCTTTTTTCGTGAAG
ATGCCACTAGTAATAATGAGAAAGATTTCTGCGTATACGCCCAAATCTATCAATAATATCGGAATC
TGATAAATCGGTCCAAACTGACTTACTAATGGGATGCCCTAATACATTACAAAATTTCGCTTTAG
CCAACGATCCAACCAGAGGAATAATTGGAACTATGGTATCGAACTTTTTAATGGTATTTTCTATTA
GAAATGGATTTTCTAACATTTGACTCCGCACCACTGAAGAATTGAGTCGCACACTTGAAAGAA
AACCCAGAAAGTCGAGGGAATGCTTTGATAATCGATTGATATATATTTTTCTTGATTGAGACCAC
ACATAAAAATAAGATTGCCAAAAATTGATAAGGTAATATTTCCATTTATGCATCAGAAAAGATGT
ACCTTTTGAAGAAAGAATTGATTTTCCTTGATATCGAATATAATGCGTAAATGGATCTTTGAAAA
GCCATAAGATAATCCGACAATTTTTAGTTAAAACTTTGACTAGATATTCTATCTTTCCGCGGAAA
TAAATTCGTTCAAGAAGGGCTTCAAAAGATGTTGATCGTAAATAAGAGGATCGGTTGCGGAGA
AAAACAAAAATGGATTCGTATTCATATACATAGAAATTATATAAGAACAAGAATAATCTTTGAGT
CCTTTTTGCAAAAATCGAAATGGAATTTTTTGAAGTAATAAGACTATTCCGATTACGATTACGAT
ACTCATAAAGAAAAAATCGTAATAAATGCGAAGAAGAGGCATCTTTC
ACCCAGTAGCGAAGAGTTTGAACCAAGATTTC

Sample 1 rbcL-1 Foeniculum_ vulgare

CGGTAGCTGCCGAAACAACAACTGGTACATGGACCACTGTGTGGACCGATGGACTTACCA
GTCTTGATCGTTACAAAGGGCGCTGCTACGGAATCGAGCCCGTTGCTGGAGAAGAAAATCAATA
TATCGCTTATGTAGCTTACCCATTAGACCTTTTTGAAGAAGGTTCTGTTACTAACATGTTTACTTC
CATTGTAGGTAATGTATTTGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAAGATCTGCGAATC
CCCGTTGCTTATGTTAAAACTTTCCAAGGACCGCCTCATGGCATCCAAGTTGAGAGAGATAAAT
TGAACAAGTATGGTCGTCCCCTGTTGGATGTACTATTAAACCTAAATTGGGGTTATCCGCTAAAA
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ACTACGGTAGAGCGGTTTATGAATGTCTCCGCGGTGGACTTGATTTTACCAAAGACGATGAGAA
TGTGAACTCCCAACCATTTATGCGTTGGAGAGATCGTTTCTTATTTTGTGCCGAAGCAATTTATA
AAGCACAGGCTGAAACTGGTGAAATCAAAGGGCATTACTTGAATGCTACTGCGGGTACATGTG
AAGAAATGATGAAAAGGGCTATATTTGCCAGAGAATTGGGAGTTCCTATCGTAATGCATGATTAC
TTAACAGGGGGATTCACTGCAAATACTAGCTTAGCCCATTATTGCCGAGATAATGGCCTACTTCT
TCACATCCACCGTGCAATGCATGCAGTTATTGATAGACAGTTGAAACATGGAATACACAACCGT
GTACTAGCTAAAGCGTTACGTATGTCTGGTCCACAACT

Sample 2 rbcL-2 Nitraria retusa

GATTCAGCCGGTGTTAAGATTATAAATTGACTTATTATACTCCTGAATATGAAACCAAAGATA
CTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCCGGAGTTCCACCCGAAGAAGCAGGGG
CTGCGGTAGCTGCGGAATCTTCTACTGGTACATGGACAACGGTATGGACCGATGGGCTTACCAG
CCTTGATCGTTACAAAGGACGATGCTACAACATCGAGCCTGTTGCTGGAGAAGAAAATCAATAT
ATATGTTATGTAGCTTATCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAACATGTTTACTTCC
ATTGTGGGTAATGTATTTGGGTTCAAAGCCCTGCGTGCTCTACGTCTAGAGGATCTACGAATCCC
TCCTGCGTATATTAAAACTTTCCAAGGCCCGCCTCACGGTATCCAGGTTGAGAGAGATAAATTG
AACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACCTAAATTGGGGTTATCCGCTAAGAA
CTACGGTAGAGCAGTTTATGAATGTCTACGTGGTGGACTTGACTTTACCAAAGATGATGAGAAC
GTGAACTCGCAACCATTTATGCGTTGGAGAGACCGTTTCTTATTTTGCGCGGAAGCTATTTATAA
AGTGCAGGCTGAAACAAGTGGAATCAAAAGTCATTACTTAAAT GCTACTGT

Sample 3 rbcL-4 Dodonaea viscose

AGCCGGTGTTAAGATTATAAATTGACTTATTATACTCCTGACTATGTAACCAAAGATACTGAT
ATCTTGGCAGCATTCCGAGTAACTCCTCAACCCGGGGTTCCGCCTGAGGAAGCAGGGGCCGCG
GTAGCTGCGGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTTACCAGCCTTG
ATCGTTATAAAGGACGATGCTACAACATTGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTATCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAACATGTTTACTTCCATTGT
GGGTAATGTATTTGGGTTTAAAGCCCTGCGCGCTCTACGTCTAGAGGATCTACGAATCCCTCCCG
CGTATTCGAAAACTTTCCAAGGGCCCCCTCACGGTATCCAAGTTGAGAGAGATAAATTGGACAA
GTATGGACGTCCCCTATTGGGATGGGCTATTAAACCTAAATTGGGATTATTCTCTAAGAACTACTG
TAGAACATTTTATGAATGTCGACGTCGTGGACTTCACGTGGCCAACCATGGTGAGGAGGTTCAC
TCCCAACCGCTTATACGTTTGAGAAACCGTTTTTTGTT

Sample 4 rbcL-5 Rumex nervosus

GTTAGAGAATACAAATTGACTTATTATACTCCTGACTATGAACCCCATGACCATGATATCTTG
GCAGCATTTCGAGTAACTCCTCAACCTGGAGTTCCACCAGAAGAAGCAGGGGCCGCGGTAGCT
GCCGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTTACCAGCCTTGATCGTT
ACAAAGGACGATGCTACCACATCGAGCCTGTTCCTGGAGAAGAAAGTCAGTTTATTGCTTATGT
AGCTTACCCATTAGACCTTTTTGAAGAAGGTTCTGTTACTAACATGTTTACTTCCATTGTGGGTA
ATGTATTTGGGTTCAAAGCCCTGCGTGCTCTACGTTTGGAGGATTTGCGAATCCCTCCTGCTTAT
ACGAAAACTTTCCAAGGCCCGCCTCATGGTATCCAAGTTGAGAGAGATAAATTGAACAAATATG
GACGTCCCCTATTGGGATGTACTATTAAACCGAAATTGGGGTTGTCCGCTAAGAACTACGGCCG
AGCAGTTTATGAATGTCTTCGTGGCGGACTTGATTTTACCAAAGATGATGAAAACGTGAACTCC
CAACCATTTATGCGTTGGAGAGACCGGGTCTTATTCTGTGGGGAAGCTATTTTTAAATCACAGTC
TGAAACACGTGATTTTAAATGACATTACTTGAATGCTACTGC
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