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Abstract: Varieties of plants act as a sink for CO, thereby fixing carbon during photosynthesis and store excess carbon in the form of
biomass. Vast forest areas present in India and its different states accumulate large amount of carbon as CO, from atmospheric air and play
an important role for sequestering carbon. Thus, the goal of our study was to perform field survey to collect carbon sequestering home
garden plants present in and around Dakshina Kannada, Karnataka and subject them for DNA barcoding technique to authenticate those
medicinal plants. DNA barcoding methods have been shown to be an effective tool for species authentication targeting specific genes from
genomic DNA which is widely used in molecular plant taxonomy. DNA samples were extracted from shortlisted 15 plants including trees,
shrubs and herbs. Plants collected were Artocarpus camansi, Nerium indicum, Averrhoa bilimbi, Laurus nobilis, Morinda citrifolia,
Caesalpinia pulcherrima, Barleria acanthoides, Sauropus androgynus, Crossandra infundibuliformis, Allamanda cathartica, Achyranthes
aspera, Talinum fruticosum, Kalanchoe pinnata, Dieffenbachia seguine and Pandanus amaryllifolius, chosen based on phytosociological
properties and biodiversity of plants. The selected plants were further taxonomically identified using MatK, ITS2 and Rbcl2 genes as best
molecular markers for DNA barcoding purposes. The genomic DNA was isolated from plants, mentioned genes were amplified using PCR
and subjected to Sanger sequencing. The sequences were screened in NCBI BLAST for identifying species and phylogenetic analysis was
conducted using Clustal Omega. Our findings authenticated the plant species that play major role in purifying air around us. Hence, this
barcoding technique behaves as genuine and simple method to authenticate plant species which had socioeconomic importance.
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stage of development. To overcome all these problems, there
lies a necessity of novel approach to identify plant species in

1. Introduction

Generally in terrestrial ecosystem, it is seen that carbon is
sequestered in rocks, sediments, wetlands, forests, soils of
forestland, grasslands and agricultural lands. Normally plants
store carbon throughout their life in the form of live biomass.
Once they die, this biomass becomes part of food chain and it
enters the soil as soil carbon. In case of incineration of this
biomass, carbon is re-emitted into atmosphere, where
terrestrial vegetation and soil represents important source
acting as sink for atmospheric carbon (Watson et al., 2001).
This way trees behave as sink for CO2 by fixing carbon during
photosynthesis process and storing excess carbon as their
biomass. Forest ecosystem plays important role in carbon
cycle globally by sequestering substantial amount of carbon
dioxide present in the atmosphere (Vashum and Jay Kumar,
2012; Gorte, 2009; Chavan and Rasal, 2010). To through
much knowledge on amount of carbon stored and sequestered
by the common ornamental plants, field survey of shrubs,
herbs and trees were done and 15 plants were selected by
studying their physiological details. The traditional approaches
available for identification of plants include organoleptic
methods by sensing taste, sight, smell, touch; macroscopic and
microscopic studies including shape, colour, texture etc
wherein professional taxonomists are needed (Techen et al.,
2014). Moreover, even the specialist will not be able to
identify the specimens if it is damaged, dried or at immature

an effective and precise manner. Therefore, authentication of
plants using DNA barcoding approach helps in overcoming
these problems and acts as a rapid and exact identification
method for plant species based on isolating genomic DNA
from specimen of any organism. This will allow taxonomists
to recognize species closely and quickly by retrieving
information about them. Also, it allows non-experts to
recognize species from damaged, dried or tiny material. There
exists several potential barcoding candidates so far reported
such as 1TS2, matK, psbK-psbl, rbcL, trnH-psbA, etc. (Luo et
al., 2010; Pang et al., 2010; Bhavana et al., 2021).

In our current study we have done field survey in and around
Udupi and Dakshina Kannada Districts, Karnataka for
common ornamental and having sociophysiological
importance in this region. Based on the availability and
biodiversity we collected 15 plants such as Artocarpus
camansi, Nerium indicum, Averrhoa bilimbi, Laurus nobilis,
Morinda citrifolia, Caesalpinia pulcherrima, Barleria
acanthoides, Sauropus androgynus, Crossandra
infundibuliformis, Allamanda cathartica, Achyranthes aspera,
Talinum fruticosum, Kalanchoe pinnata, Dieffenbachia
seguine and Pandanus amaryllifolius. Table 1 shows the herb,
shrub, tree varieties and their taxonomic details of 15 plants
taken in our present research. Each of the plant collected is
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known for growing in home gardens, to purify environment barcoded using nuclear, mitochondrial and chloroplast genes
and balance the ecosystem. In the present study, we have to authenticate the plant species.
isolated genomic DNA from listed plants and DNA was

Table 1: Showing the plant varieties and their details

SI.No. | Type Common name Scientific name Plant image
1 Tree Bread fruit Artocarpus camansi
2 Tree Karaveera Nerium indicum
3 Tree Bimbuli Averrhoa bilimbi
4 Tree Bay leaf Laurus nobilis
5 Tree Noni fruit Morinda citrifolia
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6 Shrubs Caesalpinia Caesalpinia pulcherrima

7 Shrubs barleria Barleria acanthoides

8 Shrubs Vitamin soppu Sauropus androgynus

9 Shrubs crossandra Crossandra infundibuliformis
10 Shrubs allamanda Allamanda cathartica

11 Herbs uttarani Achyranthes aspera
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12 Herbs Nelabasale Talinum fruticosum

13 Herbs kalonche Kalanchoe pinnata

14 Herbs Dumb cane Dieffenbachia seguine
Biriyani/

15 Herbs pa:gg?n Pandanus amaryllifolius

2. Materials and methods

Collection of Plant material:

The fresh and not so tender leaves of selected medicinal plants
Artocarpus camansi, Nerium indicum, Averrhoa bilimbi,
Laurus nobilis, Morinda citrifolia, Caesalpinia pulcherrima,
Barleria acanthoides, Sauropus androgynus, Crossandra
infundibuliformis, Allamanda cathartica, Achyranthes aspera,
Talinum fruticosum, Kalanchoe pinnata, Dieffenbachia
seguine and Pandanus amaryllifolius were collected in and
aroundUdupi and Dakshina Kannada Districts, Karnataka
selecting the socio important and ornamental garden plants
that are involved in carbon sequestration and air purification.
The leaves were washed with sterile water to remove the dirt
and further processed for molecular studies.

Genomic DNA preparation:

Genomic DNA was isolated from above said fresh leaves by
modified CTAB method (Cota et al., 2006). Approximately
0.1g of sample was grounded in 1ml of CTAB buffer using
pestle and mortar followed by incubation at 60°c for 30 mins.

The content was further cooled to room temperature and equal
volume of chloroform: isoamyl alcohol in 24: 1 ratio was
added and mixed gently. This mixture was centrifuged at 10,
000 rpm for 10 min in refrigerated centrifuge and pellet was
discarded transferring supernatant to another fresh tube to
which equal volume of ice-cold isopropanol was added.
Followed by centrifugation the supernatant was discarded and
500ul of 70% ethanol was added, pellet was retained and
allowed to dry for 45 mins dissolving in 10ul TE buffer. This
DNA was treated with RNAse and subjected to column
purification to get rid of impurities. This isolated plant DNA
was run on 1.5% agarose gel for quantification and compared
with 1kb standard ladder.

PCR Amplification:

The genes such as ITS2, MatK and rbcL were amplified from
isolated plant DNA using PCR method. Amplification reaction
was performed in 25ul reaction mixture, by adding 40ng
DNA, 10pM of each primer, 10pM dNTPs, 2X buffer and
0.5ul Tag DNA polymerases. Gene amplification was
performed using thermal cycler program of 35 cycles: initial
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denaturation step and final denaturation at 94°c followed by
annealing at 60°c and extension at 72°C. The quality of PCR

products was checked on 1 % agarose gel electrophoresis
stained with ethidium bromide.

Table 2: Showing primers sequences used for gene amplification

Primer Sequence Annealing Temperature
Matk F | CCCRTYCATCTGGAAATCTTGGTT C 54°C
MatkR | GCTRTRATAATGAGAAAGATTTCTGC 59°C
ITS2-F ATGCGATACTTGGTGTGAAT 53°C
ITS2-R GACGCTTCTCCAGACTACAAT 51°C
Rbcl F ATGTC CCACAAACAGAAAC 50°C
Rbcl R TCGCATGT CCTGCAGTAGC 56°C

Sanger Sequencing:

Bidirectional sequencing of PCR products was carried in
genetic analyzer-Applied Biosystems (Hitachi) 3130x1
Sequencer and processed in Finch TV. The electropherogram
files in. AB1 format were converted to .pdf and fasta files
using Sequence Scanner Software 2. The sequence data
generated during this study were subjected to BLAST in
nucleotide database GenBank (http://blast.ncbi.nlm.nih.gov/)
to determine their most probably closely related taxa.

Construction of phylogenetic tree:

Phylogenetic inference incorporates computational approaches
by implementing optimality criteria and methods such
asparsimony and maximum likelihood (ML) based on
Bayesian inference. All these explanation will depend upon
implicit or explicit model describing the evolution of
characters observed. And all the sequences obtained will be
aligned using Clustal omega to understand the evolutionary
relationship of unknown sequences comparing with other
related species.

3. Results and discussion

Genomic DNA was isolated following CTAB method to check
quality and quantity of DNA on agarose gel as shown in
figure 1. Using this genomic DNA PCR was performed using
ITS2, MatK and RbCI primers and obtained PCR product was
subjected to gel purification to get rid of salt contamination
and other impurities as shown in figure 2. Sequencing files
were obtained in. AB1 format which were viewed using
software Finch TV as electropherogram peaks of individual
nucloetide in its position. The quality of the obtained
sequences was observed through electropherogram peaks as
seen in figure 3and figure 4. FASTA sequences for further
analysis were obtained by converting. AB1 file in Seq Scanner
2.0. Using the BLAST server unknown sequences were
identified at molecular level based on query coverage,
percentage identity and e-value. Figure 5shows the percentage
similarity between the predicted species as per BLAST
analysis and phylogenetic analysis was done to find out the
evolutionary relationship of our query sequence obtained from
Artocarpus camansi. The BLAST values and phylogenetic
tree obtained for Nerium indicum, Averrhoa bilimbi and
Laurus nobilis from all three genes are shown in figure 6,
figure 7 and figure 8 respectively. Similarly, the Phylogenetic
trees and BLAST results of Morinda citrifolia, Caesalpinia
pulcherrima, Barleria acanthoides, Sauropus androgynus,

Crossandra infundibuliformis are shown in figure 9, figure
10, figure 11, figure 12 and figure 13. The obtained results of
Allamanda cathartica, Achyranthes aspera, Talinum
fruticosum, Kalanchoe pinnata, Dieffenbachia seguine and
Pandanus amaryllifolius using Clustal Omega are as shown in
figure 14, figure 15, figure 16, figure 17, figure 18 and
figure 19 respectively. Each of the figure depicts BLAST
values showing similarity percentage and their evolutionary
relationship with closely and distantly related species.

DNA barcoding is been applicable in taxonomy field and is
becoming very popular in recent era (Luo et al., 2010). This
technique acts as useful tool for taxonomists due to its rapid
and accurate method of species identification and behaves as
an important parameter. Therefore, there is a need to entertain
this rapid and simple DNA barcoding identification system to
all the biologists to avoid falling burden on taxonomists
(Chase et al., 2005). Currently the candidate barcodes
available so far are 1TS2 of nuclear ribosomal DNA, matK,
psbA-trnH, rbcL, ycf5, rpoC1, petB etc in the chloroplast. The
observations done so far has shown the potential of 1TS2
being appropriate marker for taxonomic classification when
compared to other markers. This ability of conventional
amplification by incorporating universal primer pairs and thus
generating unambiguous bidirectional DNA sequences with
less editing acts as major criteria of finalizing ideal DNA
barcode. Also, the ITS2 has good primer sites in the gene due
to its short region and easy amplification and sequencing
(Kress et al., 2005). Thus, the results obtained here
demonstrate that the primers used provide promising universal
DNA barcode to recognize 15 selected medicinal plants by
providing high percentage of maximum identity for each
sample. However, few plants have showed lesser percentage
of identity around 95% and below than 95% were disallowed
because of chances of ambiguous species identification (Kool
et al., 2012). Here, maximum identity suggests measure of
likeliness of identified species and each successful species
identification is influenced by factors such as quality of DNA,
suitable primer used and the quality of sequence (Mahadani
and Ghosh, 2013). In many of the cases the successful rates of
DNA sequencing is relatively low due to the presence of
polymorphic DNA in multiple copies (Alvarez and Wendel,
2003) and also may be because of contamination by fungal or
other parasitic species (Hollingsworth et al., 2011, Che et al.,
2018). Thus, DNA barcoding stands as standardized technique
to identify and differentiate between species in recent years
(Dhananjaiah et al., 2020). In addition, the phylogenetic
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analysis highlights the diversity present between our plants evolutionary relationship of our plant species.
and other known species, which will help us to understand the
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Figure 1: Genomic DNA of 15 plants compared with 1kb ladder

Figure 2: Amplified ITS2, MAtk and RbCI genes (~700bp) from plant DNA and compared with 100bp ladder
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Figure 3: Representative Electropherogram peaks showmg the nucleotide bases obtained from Sanger sequencing.
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Figure 4: Representative pdf file showing overall view of the sequence as obtained from genetic analyzer.
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SL Description Query E % Identity | Accession |Gene
Ne. (%) Value No.
1 Artocarpus camansi voucher Artocarpus |99 00 96.75 MT020424 |ITS2
camansi JTG91 internal transcribed spacer 1
1, partial seq;5.8S ribo RNA gene,ITS2
2 Artocarpus camansi voucher DMB144 |99 0.0 96.80 MN082750 |RBCI2
photosystem Q (B) protein (psbA) gene, 1
partial cds; and psbA-tmH intergenic
spacer, partial sequence; chloroplast
3 Artocarpus camansi chloroplast, complete |98 0.0 99.99 NC 05424 |MatK
genome 7.1
[ AcTs20018%

MT020424_Artocarpus_camansi 0.00275
FJ917024_Artocarpus_camansi 0.00779
MNO086224_Artocarpus_camansi_DMB144 -0.00106

MNO086225_Artocarpus_camansi_ITS 0.00477
I"IT. ?‘

MNO086226_Artocarpus_altilis 0.0112

} KU8B55491_Artocarpus_camansi_voucher 0.00057
KU855490_Artocarpus_camansi_NZ244 0.00688

NC_054247_Artocarpus_camansi_chloroplast_ 0.00932
MW367444_Artocarpus_altilis 0.00991
MW837773_Artocarpus_gomezianus 0.03803
KU856049_Artocarpus_mariannensis -0.0582
KUB56028_Artocarpus_hirsutus 0.07433

‘ AC_RBCL20.01232

: MNO082750_Artocarpus_camansi -0.00996

NC_054247_Artocarpus_camansi 0.42872
MF419028_Artocarpus_sp._JH-2017 -0.00015
MF419030_Artocarpus_sp. 0.0033
KUB56397_Artocarpus_obtusus -0.00145
KU856383_Artocarpus_mariannensis -0.00109
KU856435_Broussonetia_kurzii 0.05326
AC_MatK -0.00114
KUB856379_Artocarpus_lowii -0.00109

| |
| P

Figure 5: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Artocarpus camansi.

SL Description Query |E % Accession Gene
Noe. (%) Value |Identity |No.
1 Nerium oleander voucher 1301 5.88 99 0.0 92.35 MG730486.1 |ITS2
nibosomal RNA gene, partial sequence;
internal transcribed spacer 2, complete
2 Nerium oleander isolate 1767 psbA-tmH |93 0.0 9491 MHS837747.1 |RBCI2
intergenic spacer region, partial sequence
3 Nerium oleander isolate MGGM_AGERI |99 0.0 96.82 KU556667.1 |MatK
167 maturase K (matk) gene, partial cds;chir

HE602380_Nerium_oleander_DNA 0.50277
LC600941_Nerium_oleander_var._indicum -0.00277
MZ675655_Nerium_oleander 0.00387

NI_ITS2 0.00563
KP764848_Nerium_oleander_BOL 0.00899
MG730483_Nerium_oleander_voucher-155 0.0023
MG730486_Nerium_oleander O
MG730485_Nerium_oleander_voucher 0.00357
MG730484_Nerium_oleander_5.8S 0.00081

KJ953907_Nerium_oleander_Judd8076 0.5604
NI_RbCI2 -0.00167
MH837747_Nerium_oleander 0
MHB837746_Nerium_oleander_isolate 0
MK477734_Uncultured_eukaryote 0
MK477733_Nerium_oleander_DB020 0

1 MK477732_Nerium_oleander_DB01S 0
FJ493258_Nerium_oleander_photosystem 0
EUS531690_Nerium_oleander_PsbA 0

KX911157_Nerium_sp. 0
KU556667_Nerium_oleander_isolate 0
MK982560_Nerium_oleander_1767 0

| 1 MK982559_Nerium_oleander_isolate-1766 0
| 1 HM850834_Nerium_oleander_maturaseK 0

L HQ619791_Nerium_oleander_LegMedMO_67 0

GQ997641_Nerium_oleander_FLAS_W.S. 0
NI_MatK 0.01674
KP089165_Nerium_oleander_BOP010558 0
KJ953907_Nerium_oleander_8076 0

Figure 6: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Nerium indicum.
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SL Description Query (E % Accession Gene
No. (%) Value |Identity | No.
1 Averrhoa bilimbi isolate AbITS-9 98 0.0 97.14 KR905602.1 |ITS2
intemnal transcribed spacer 1, partial
sequence; 5.85 ribosomal RNA pene
2 Averrhoa bilimbi isolate cujiang 1 97 0.0 9751 |MT522015.1 RBCR2
chloroplast, complete genome
3 Averrhoa bilimbi isolate AbITS-9 99 0.0 9753 |KR905602.1 |MatK
intemal transcribed spacer 1, partial
sequence; 5.85 RNA complete sequence

MNS11172_Avermhoa_carambola 001511

EU436862_Averrhon_bilimbi_18S -0.01703
_{—{: AB_ITS2 0.01875
{ KRDOSG02_Averrnos_billmbi 0. 00582
L KROO5594_Avernoa_bilimbl_ABITS.1 -0.01111
KRSOS601 0.00477

mm_ﬁm Mn\b«_ﬁb‘?&d «0.00137

KRS05600, -0 00025
} KROOSSD9_Averrhoa_ITS2 -0 00028
KRQOSS97_AW biimbi 0.01086

AB_RbCR2 0.01792
MT522015_Averrhoa_bilimdi 0.00013
AY788196_Dapania_racemosa 0.00417
KUS69488_Averrhos_carambola_chioroplast_ 0
MTS522016_Averrhoa_caramboia_cujiang_2 0

L FIST0180_Averrhoa_carambola_ribuiose-1 0

- .

AYS35743_Avermoa_carambola_isoiate24 0

————  AB_MatK 0.0315
L KR305602_Averrhoa_biimbi -0.00025

MN5i1172 Averrhoa_carambola_voucher 0.0003
!—[_: KR905601_Averrhoa_blimbi_jsciate -0.0003
KR?OSGOO Averrnoa_bilimbi_ _AbITS-7 -0.00066

KR905599_Averrhoa_bilimbi -0.00041
KRS05594_Averthos_bimbi_AbITS-1 -0.00046
EU436862_Averrhoa_bsimbi_18S 0.00149
KROO05538_Averrhoa_blmbl_AbITS-5 -0.00025

= (U
0

[

Figure 7: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Averrhoa bilimbi.

SL Description Query E Yo Accession | Gene
Ne. (%) |Value |Identity| No.

1 | Laurus nobilisisolate 7 small subunit nbosomal | 99 0.0 9760 |MTI1133201 |[ITS2
RMNA gene, partial sequence; internal transcribed

spacer 1, 5.85
2 | Laurus robilis plastid, complete genome 98 0.0 9536 |KY085912.1 |RBCI2
3 | Lawrus nobilis maturase (matK) gene, partial cds; |99 0.0 97.16 |AF244407.1 |[MalK
chloroplast gene for chloroplast product
LC504527_Litsea_johorensis 007911
f_'_: LN_ITS20.01818
MT113320_Laurus_nobilis 0.00236
lr L FM357807_Laurus_azorica 0.00658

FM957808_Laurus_nobilis_ITS1 -0.00042

L AY265392_Laurus_nobilis_internal -0.00049
i AF272278 Laurus_t nobills ITS2 0.00202
KU139906 Laurus_| nobllls voucher -0.00

LN_RbCI2 0.02594
NC_045251_Actinodaphne_lancifolia O
KY085912_Laurus_nobiis_plastid_ 0
th:m?z Phoebe_omelensis 0
60221258 _Litsea_t cubeba O
— MN722291_Litsea_tsinlingensis 0
L KU382386_Litsea_giutinosa 0
AF197593_Laurus_nobdills_ridbuiose-10

KJ189041_Laurus_novocanariensis -0.00013
ﬁ EU153843_Laurus_nobilis_SMsn2 0.00013
AF244407_Laurus_nobilis_maturase -0.0001
AJ247167_Laurus_azorica -0.0001
LN_MatK 0.01241

—{—: KY085912_Laurus_nobilis 0

MT621599_Laurus_nobilis_plastid_ 0
Figure 8: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Laurus nobilis.
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Sl Description Query E % Accession | Gene
Ne. (%) |Value |Identity| No.
1 |Morindacitrifolia genes for 185 RNA, TTS1, 5.85 RNA, ITS2, |97 00 (9648 |AB608796.1 |ITS2
265 tRMNA, partial sequence, country: Panama
Morinda citrifolia chloroplast, partial genome 99 00 |97.53 [KY378694.1 RBCI2
3 |Morindacitrifolia Chiang Mai University, Faculty of Pharmacy: |99 00 (9821 |LC633827.1 MatK
MOC-CM11032021 chloroplast matK gene for maturase

HQ386693_Morinda_citrifolla_RNA O
FJ907064_Morinda_coreia O
EU872497_Morinda_citrifolia_Wood 0.01816

AF333844_Morninda_citrifolia_18S -0.00224
ABE08791_Morinda_cirifolia_genes -0.00061

MC_ITS2 0.00179

1" A8808796_Morinda_ckriolia -0.00179
e ABBG08793_Morinda_ckrifolia_18S 0.00142
ABB08795_Morinda_ckrifolia -0.00041
f——————  MC_RbCI2001318
e KY378710_Mitchelia_repens 0.00108
| EUB729%9_Morinda_sp. 0.00516
4{—: NC_ 05‘151 _Gyncchthodes_parvifolia 0
KRB69730_Morinda_officinalis 0,00133
; KY378694_Morinda_chrifoiia 0
l—: NC 067302 Merinda_ Citrifolia _Chioroplast 0
MNE99849_Morinda_carifolia 0

EU872998_Morinda,_ tmbn voucher 0

T —

KRE69730_Morinda_officinalis 0.00868
MC_MatK 0.01044
LCB33827_Morinda_ckrifolia 0.00018
LNGEB0367 Mcﬂndc _chtrifolia_matk 0.00102
MH763015 Morlndo cltrifolia_ _voucher -0.00065

NC_! 047302 Moﬂnaa citrifola. _chioroplast_ 0

KYS78894 Honnou citrifolia O

MH768014_Morinda_citrifolia_TuTY 1595 0

Figure 9: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Morinda citrifolia.

SL Description Query E % Accession | Gene

Ne. (%) |Value ldentity| No.

1 |Caesalpinia pulcherrima isolate ADX)3 8 small subunit nbosomal | 99 00 |9737 |KX057841.1 |ITS2

2 | Caesalpinia pulcherrima voucher RNG:51664 tRMA-Leu (tmlL) |93 0.0 |9698 |KX268156.1 REBCI2

3 |Caesalpinia pulcherrima voucher MO:Carlsen3202 maturase K 99 00 |99.15 |[OL6B990E. 1 MatkK
(matk) gene, partial cds; chloroplast

KX372859_Caesalpinia_anacantha 0.0002
'_{—: KX372860_Caesaipinia_barahonensis 0.00289
KX372863_Caesalpinia_reticulata_voucher 0.00902

—

L KX372853_Caesalpinia_pulcherima_voucher -0.00031

KX057841_Caesaipinia_puicherrima -0.00072

CP_ITS2 0.00905

JX856421_Coesalpinia_sp. 0.00413
JX856420_Coesalpinis_puicherrima_103 -0.00259

—

i

R — KF379227_Caesalpinia_puicherrima_ITS -0,00029 gamp
KX2638155_Burkea_africana 0.01797

AF430731 me_ptwou chicroplast 0.0097%
AF430723_Coesalpinia_hauthall 001443
AF430711_Coesaipinia_cassicides_tRNA-Leu 002434

CP_R0CI2 001267

—
e = KX268155_Caesalpinia_puicherrima -0.0007
[ KX373109_Caesalpinia_puicherrima_voucher 0
e MZ2441391_Caesalpinia_puicherrima_chicropiast_ 0
AF430733_Caesaipinia_puicherrima_tRNA-Leu 0
| KX538529_Coesaipinia_pumils 0.0012
Ler——

|

KM219821 c«mno_pwytoooooows

MZ441391_Caosalp rima_chicroplast_ 0.01181

NC_ 047340, cmno_pmyﬁoono
MNT00822 _Couleria_platyioba_voucher O
MZ441394_Counteria_moliis_voucher O

e CP_MatK 0,00524

—_ OLEE9908_Coaesaipinia_puichernma 0.00082

EU351906_Coesalpinia_puicherrima_Fougere-Danezan 0.00905

Figure 10: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Caesalpinia pulcherrima.
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Description

Valoe

e

Identity

Accession
No.

1 |Barleria acanthoides voucher Boulos et. al. 16678 (E)
internal transcribed spacer 1 partial sequence; 58S nbosome

0.0

94.03

ME066127 .1

ITs2

Barleria acanthoides var. gracilispina nbulose-1,5-
hisphosphate carboxylase/foxygenase large subunit

0.0

96.28

KR737435.1

RBCI2

Barleria acanthoides var. gracilispina maturase K (matK)

gene, partial cds; chloroplast

97 0.0

91.79

KR735076.1

Matkl

BA_ITS2 001912

e —
— I ——

BA_RbCI2 0.03464

MK314112_Barleria_sp. 0
MK314111_Barieria_longifiora 0
MK314110_Barleria_acuminata 0
KF890170_Barleria_cristata 0

—(—: BA_MatK 0.0121
L ———
L

KR737435_Barleria_acanthoides 0

L KR736747_Barleria_acanthoides_gracilispina 0
KR737454_Barleria_spinisepala 0.00192
KR736384_Barieria_acanthoides_!

el 0

KR735076_Barleria_acanthoides 0
KR735164_Barleria_spinisepala 0.00517

KR734388_Barleria_volkensii_matK 0.00862
KF890173_Barleria_prattensis O

KF890174_Barleria_cristata 0.00172
KR337262_Barleria_acuminata_isolate 0.00172
MK314108_Barteria_longifiora 0.00172
MK314109_Barleria_sp. 0

MKO066127_Barleria_acanthoides -0.00075
MK066169_Barieria_ventricosa 0.01475
MKO066129_Barteria_argiliicola 0.00613
MK066153_Barleria_meeuseana 0.01007
MK066132_Barleria_bispinosa 0.01002
MKO066163_Barlerla_merxmuelleri 0.01019
MKO066155 Barleria nitida 0.00643

Figure 11: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Barleria acanthoides.

Description

Query
(%)

E
Value

%
Identity

Accession
Ne.

Gene

Sauropus androgynus 188 ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and
internal transcribed spacer 2

99

0.0

9435

JQ670926.1

ITS2

-bisphosphate carboxylasc/oxygenase large

Sauropus androgynus SS-553 chloroplast rbel. gene for ribulose-1,5

99

0.0

96.01

LC466956.1

Sauropus androgynus SS-553 chloroplast matK gene for maturase

99

0.0

98.80

LC467715.1

MatK

EU623582_Sauropus_poomae 0.00853

o ——
Y e, s—

P
L—

GQS503396_Saurcpus_macranthus_voucher 0.00629
GQS503401_Saurcpus_sp. 0.01077
JOE70926_Sauropus_androgynus 0.00204
SA_ITS2 0.02174
EUG23570_Sauropus_garrettii 0 '
AY936744_Sauropus_androgynus_18S -0.00026
AY938747_Sauropus_retroversus_18S 0.03497

SA_RbCI2 0.00542
LC466956_Saurcpus_androgynus 0
KF456502_Saurcpus_macranthus 0
KM895640_Synostemon_albifiorus 0.00181
NC_058216_Sauropus_spatulifolius 0
AYB663617_Sauropus_racemosus 0

SA_Mat 0.01329
LC467715_Sauropus_androgynus 0
EUB43748_Saurcpus_androgynus_tRNA-Lys 0
FJ235247_Sauropus_androgynus_maturaseK 0.00241
AY936645_Saurcpus_retroversus_tmi 0.00121
EUG43778_Sauropus_simills O
EUB43771_Sauropus_poomae 0
MN916085_Breynia_similis 0
EUG43774_Sauropus_rhamnoides 0.00121
EUB43754_Sauropus_bicolor O

Figure 12: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Sauropus androgynus.
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5L Description Query E % Accession Gene

Ne. (%) |Value ldentity  No.

1 |Crossandra infundibuliformis internal transcribed spacer 1, partial sequence; |99 00 |97.70 |JF346168.1 |(ITS2
5.88 ribosomal RNA gene, complete sequence

2 |Crossandra infundibuliformis voucher US:Ingram102 ribulose- 98 00 |96.68 |MH749098.1 RBCI2
1,5-bisphosphate carhoxylase/oxygenase large subunit

3  |Crossandra infundibuliformis voucher CCMB-26-84-5J2 maturase K (matK)| 99 00 |98.14 |MN006714.1 |MalK
gene, partial cds; chloroplast

fr—f

|

— e ———

e CI_ROC2 0

e JQS33287_Crossandra_infundibuliformis_voucher 0
e MHS50011_Stenandrium_ouice 0

e MHO28850_Stenandrium_dulce_voucher 0

]

KR735710_Crossandra | massaica 00009

KR735556, Cmum massaica_ridulose-1_S-disphosphate -0.0009
KRT35445 Cmunm massalca_ el 0

MH749038_ Crossm AturB U orms 0

MHO09777_Aphelandra_knappiae 0.49536

CI_ITS2 0.0042%
JF346168_Crossandra_|nfundibuliformis -0.00282
EU087475_Ecbolium_tanzaniense 0.05872
AF289786_| “Ecbolium symgﬂollum 0.03743
EU0B7478_ _Angkalanthus_oligophylia 0.04177
MK351273_Justicia_carnea 0.00514 -
AF289785_Stredblacanthus_roseus 0.00193
KJ535177_Pachystachys_Killipi -0.002

— MN370393_Sclerochiton_vogelii 0.01922
0L682877_Aphelandra_crispata 0.00246
S = MF350014_Aphelandra_aurantiaca 0.00448

MH748946_Crossandra_infundibuliformis_voucher 0.0033
Ci_MatK 0. 00765
MNOOS714 |_Crossandra_infundibuliformis 0.00041

Figure 13: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Crossandra infundibuliformis.

SL Description Query E % Accession Gene

Ne. (%) |Value |Identity | No.

1 | Allamanda cathartica voucher 1863 small subunitribosomal RNA |99 0.0 9792 MH566887.1|ITS2
pene, partial sequence; intemal transcribed spacer

2 | Allamanda cathartica isolate Oul( {RNA- Leu (tmL) gene and tmmll. |93 0.0 97.15 MT078032.1 | RBCI2

3 |Allamanda cathartica voucher MO:Carlsen3534 maturase K (matK) |98 00 (9773 |OL6B9868.1 |MatkK
pene, partial cds; chloroplast

|

—

T e, cem—

AC_RBCI2 0.03923
MTO078032_Allamanda_cathartica 0
NC_054286_Wrightia_laevis 0.02358
MGSS3231_Plumaena_cubensis 0.01007
MGS63250_ O-pmmru condylocarpon 0.01473
LN8B3I885_Allsmanda_cathartica_DNA 0.00824
MG§3232 A‘lm schotul 000157

EF456099 Tiamanca _schomi_isolate -0.00157

MHE44606_Allamanda_schottli 0.11277
LC076499_Allamanda_cathartica_gene 0.0229
MKO039531_Allamanda_cathartica_ITS 0.00857
MT106636_Allamanda_cathartica_isolate 0.00048
MF348867_Allamanda_blanchetd 0.01424
MK426852_Allamanda_blanchetli_voucher -0.014
AC_ITS2 0.00969
MHS566887_Allamanda_cathartica -0.0011

MG963232_Allamanda_schottii_chicroplast_ 0.54592
DQ660495_Allamanda_schottii_matk 0.012

AC_MatK 0.0078
JN228933_Allamanda_cathartica_AUS-MP29 0.00233
JN228935_Allamanda_cathartica_AUS-MP33 0.00012
LNE83872_Allamanda_cathartica_chioroplast 0.0037
KX911147_Allamanda_sp. 0
OL689868_ARamanda_cathartica -0.00013

Figure 14: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Allamanda cathartica.
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SL Description Query E % Accession | Gene

Ne. (%) |Value |Mentity | Neo.

1 Achyranthes aspera 185 tIRNA pene (partial), ITS1, 5.85 (RMNA gene, |99 0.0 9605 |LT992995.1 |ITS2

ITS2 and 28S RNMA gene

2 | Achyranthes aspera voucher MSB92575(K) ndhF-rpl32 intergenic 99 4e-139 (9783 |KYBE4457.1|RBCI2
spacer region, partial sequence

3 |Achyranthes aspera voucher ME5B92575(K) maturase K (matK) gene, 98 0.0 9696 |KY941419.1 MalK
partial cds; chloroplast

Paper ID: SR23210234646

AA_ITS20,03718

L
gty

LT993002_Achyranthes_aspera_18S 0,00494
LT992995_Achyranthes_aspera 0.00031
LT995187_Achyranthes_splendens 0.0032

L MT112823_Achyranthes_sspera_CIMAP/226 0
MT112920_Achyranthes_aspera_voucher 0

L MT112919_Achyranthes_aspera_RNA QO

MT112918_Achyranthes_aspera 0
MHT768065_Achyranthes_aspera_TuTY15180

AA_RBC2 0011
KYB8445Y Achyranthes_aspera -0 00011
- - NC_0S0083_Achyranthes_asspera_chioropiast_ 0
I . MNB53081_Achyrarmhes_aspers O
| MN255842_Achyranines_bicentata O 00135

MK3IS7852_Amaranthaceas_sp. 0
uns«m_unwm_wm 0
MW411185_Acivyrantnes_aspers O
NC_050082_Achyranthes_tidentata 0

MZ351434_Achyranthes_longifolia 0
MW411185_Achyranthes_aspera_chicroplast_ 0
NC_050063_Achyranthes_aspera 0
Nc 050062_Achyranthes_bidentata_chioroplast_ 0
LT992597 _Achyranthes_aspera_tRNA-Lys 0.00145

e AA_MaW 0
E— KY941419_Achyrmm_asp«a 0
e LT992602_Achyranthes_aspera 0
b LT992574_Achyranthes_bidentata 0.00226
Figure 15: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Achyranthes aspera
SL Description Query E % Identity | Accession |Gene
No. (%) Value No.
1 Talinum fruticosum voucher DMB60 97 0.0 95.73 MK610436 |ITS2
intemnal transcribed spacer 1, partial 1
sequence; 5.8S ribosomal RNA gene
2 Talinum fruticosum voucher FR04499535 |99 0.0 96.57 MT385745. | RBCI2
ribulose-1,5-bisphosphate 1
carboxylase/oxygenase large subunit
3 Talinum fruticosum voucher DMB60 tmK |99 0.0 94.07 MK610255 [ MatK
gene, intron; and maturase K (matK) gene, 1
partial cds; chloroplast

TF_ITS2 0.02305

|_[—|:

TF_RbCI2 0.00787

MK397931_Talinum_caffrum 0.01048
MK397901_Talinum_paniculatum O
MK387900_Talinum_paniculatum_ZCB0443_KUN_0
| MK397930_Talinella_dauphinensis 0.00083
MT385745_Talinum_fruticosum 0.00305
MG710385_Talinum_paniculatum -0.00105

e

TF_MatK 0.04375

MK610255 Talinum_f _fruticosum 0

MK610436_Talinum_fruticosum O
L78056_Talinum_paraguayense_18S 0.00725
JF508608_Talinum_paniculatum_voucher 0.00256
MHO050287_Talinum_paniculatum_RQHNO00932 0.00726

NC_037748_Talinum_paniculatum_chloroplast_-0.00105

L78054_Talinella_pachypoda 0.02686

1 L78053_Talinella_microphylla 0.01126
MK610435_Talinum_fruticosum_voucher 0
KJ380908_Talinum_fruticosum_LCH42 0

MK61 0254_Talinum_fruticosum_voucher 0
NC_037748_Talinum_paniculatum 0
MG710385_Talinum_paniculatum_chloroplast_ 0

Figure 16: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Talinum fruticosum

MK397930_Talinella_dauphinensis 0.00238
MK397900 Talinum_paniculatum_ZCB0443_KUN_ 0.00616
MK397931 Tallnum caffrum_plastid_ 0.00852
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Description

Accession
Ne.

Kalanchoe pinnafa 5 85 tTRNA gene and [TS1 and ITS2, clone pHM28-1

00

9531

AJ231323.1

ITS2

Kalanchoe pinnaiavoucher 5B. Davis 1290 (FLAS) nibulose-1.5.
-bisphosphate carboxylasefoxygenase large subunit

Query
(%)
99
99

0.0

96.89

GU135277.1

Kalanchoe pinnaiavoucher S B. Davis 1290 (FLAS) maturase K (matK)

98

gene, partial cds; chloroplast

0.0

95.85

GU135118.1

MatkK

KP_ITS2 0.01639
—'—(: AJ231323_Kalanchoe_pinnata_5.8S 0.00872

AJ231310_Kalanchoe_gastonis-bonnleri 0.03639
[ AJ231327_Kalanchoe_daigremontiana 0.02929

L AJ231328_Kalanchoe_bryophyllum 0.03439

AJ231311_Kalanchoe_jongmansii 0.02282

AJ252887 Kalanchoe rosel 0.01171 X (]

KP_RbCR2 0
JQS591185_Kalanchoe_pinnata_voucher 0
GU135277_Kalanchoe_pinnata 0

[r—— MH195262_Kalanchoe_longificra 0
s

MW237836_Kalanchoe_longificra 0
I MK285301_Kalanchoe_sp. 0
L_: KX783907_ “Kalanchoe, _Mmangini O

KR737368_Kalanchoe_prittwitzil 0
MH1%263 Kalanchoe_marmmorata 0
[ KP_MatK 0.00989

GU135118 _Kalanchoe_pinnata 0.00198
‘—'_: KC737251_Kalanchoe_laciniata_voucher 0.0038

JQS87321_Kalanchoe_pinnata -0.00035
MN794319_Kalanchoe_tomentosa 0.01655
MW237836_Kalanchoe_longifiora 0.01341
MW237833_Kalanchoe_delagoensis 0,0007

MW237835_Kalanchoe_daigremontiana 0.00216
— MW237834_Kalanchoe_fedtschenkol 0

R — NC_053951_Kalanchoe_fedtschenkol 0

Figure 17: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Kalanchoe pinnata

Description

Query
(%)

E
Value

%
Identity

Arcession
No.

Digffenbachia seguine chloroplast partial poB gene for RNA polymerase beta
subunit, specimen voucher

99

0.0

9927

FN66EB63._1

ITs2

Dieffenbachia seguine chloroplast partial 1poB gene for RNA polymerase
beta subunit. specimen voucher MIB

99

0.0

93.27

FN668863.1

specimen voucher MIB:zpl:01669

97

0.0

9791

FN668814.1

MatK

Paper ID: SR23210234646

MNMSSSS Taccarum_caudatum 0.00152

1 —— Bpcioe
FNB68363_Dieflenbachia_seguine 0.010%

| [~ MNS51188_Anchomanes_hookeri 0.00223

- MN046889 Momrichudia arborescens 0.
MN045892_ Scmmmogloms calyptrata 0.

[r— KR262889_Dieffenbachia_seguine 0.52517
L — oS Matx 0.00178

60429009 Dieffenbachia_sp. 0.00292

EF173541 Dbﬂmmau ocerstedil 0.00235

mmsas Dieffendachia_ _aglacnematifolia_plastid 0.00132
EF173539_| “Dieftendachia _aglacnematifola 0

——————— FN&G&M Dieffenbachia_seguine 0
| —— EFlTws_Mmocm_w. 0

—— DS_ITS20

00258
00579

L FNB68863_Dieffenbachia_seguine 0

KR262689_Dieffenbachia_sequine_chioroplast_ 0.00021

— MN046891_Pothos_scandens 0.00734
—(—: MNS51188_Anchomanes_hookeri 0.00228
MNO46884_Anubias_heterophylia 0.00384

; KR262889_Dieffenbachia_seguine_chicroplast_ 0.0006

MNO46895_Taccarum_caudatum 0.0018

Figure 18: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Dieffenbachia seguine.
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SL Description
No.

Query
(%)

E % ldentity | Accession |Gene

Value No.

1 Pandanus amarylilifolius isolate T0030
tRNA-GIn (tmQ) gene and tmQ-1ps16

intergenic spacer, partial sequence

99

0.0 97.49 KJ681941. |ITS2

1

2 Pandanus amaryilifolius isolate Pan_17a
tRNA-Leu (tmL) gene, intron; chloroplast

99 0.0

9424 JQ220392. | RBCI2

1

3 Pandanus amaryllifolius isolate
RBGK37355 maturase K (matK) gene,

partial cds; chloroplast

99 0.0

9775 JX286802.

1

—
—

— L —

S — E—

PA_MatK 0

PA_ITS2 0.00979
JX287108_Pandanus_amaryllifolius_ RBGK36373 0.02409
KJ682055_Pandanus_mindanaensis 0.00559
JX287177_Pandanus_reticulatus 0
JX287243_Pandanus_vitiensis 0.00114
KJ682054_Pandanus_radicans 0
KJ682053_Pandanus_luzonensis 0
KJ681941_Pandanus_amaryllifolius 0
JX287151_Pandanus_amaryllifolius_isolate 0
JX287107_Pandanus_amaryllifolius_ RBGK36371 0

PA_RbCI2 0.00732
JQ220392_Pandanus_amaryllifolius -0.00119
KJ681626_Pandanus_sp. 0
KJ681532_Pandanus_aimiriikensis 0
KJ681507_Pandanus_amaryllifolius_isolate 0
KJ681503_Pandanus_aimiriikkensis_T0011 0
KJ681621_Pandanus_mindanaensis 0
KJ681625_Pandanus_sp. 0.00212
KJ681619_Pandanus_luzonensis 0

AY952418_Pandanus_tectorius 0.54172

LC491428_Pandanus_conoideus 0

LC491427_Pandanus_conoideus_M8 0

JX286841_Pandanus_viscidus 0.00258

JX286759_Pandanus_amaryllifolius_isolate 0.00116

JX286771_Pandanus_christmatensis 0

JX286802_Pandanus_amaryllifolius 0

Figure 19: Showing predicted hits from NCBI BLAST and evolutionary relationship of plant Pandanus amaryllifolius.

4. Conclusion

Various technologies are under development to reduce the rate
of increase of atmospheric concentration of carbon dioxide
(CO2) from different sectors acts as important issue of the
twenty-first century. Therefore, reducing the global energy
use, develop low carbon fuel and finding out plants which
sequester more carbon involves both abiotic and biotic
technologies. Carbon sequestration thus implies transfer of
atmospheric CO2 inside other long-lived global pools such as
oceanic, biotic and geological strata reducing net rate of
increase in atmospheric CO2. Carbon is being sequestered by
the plant through photosynthesis and will be stored as biomass
in different parts of the tree. To address this we have selected
few ornamental and socioeconomic plants that are said to
purify air in their premises. DNA barcoding acts as a reliable
tool for authentication of any plant species with minimal help
of core taxonomists. Our present study was to authenticate the
plant species at molecular level using DNA barcoding
technique. It is very much appreciable to get species level
identity with maximum percentage and identify plants as
Artocarpus camansi, Nerium indicum, Averrhoa bilimbi,
Laurus nobilis, Morinda citrifolia, Caesalpinia pulcherrima,
Barleria acanthoides, Sauropus androgynus, Crossandra
infundibuliformis, Allamanda cathartica, Achyranthes aspera,
Talinum fruticosum, Kalanchoe pinnata, Dieffenbachia

seguine and Pandanus amaryllifolius. Therefore, our findings
provide strong base for usage of these plant species as garden
plants to keep surrounding air clean. The usage of many
potential markers like 1TS2, matK and rbcL can be
implemented in future days for studying and identifying any
plant species. Further studies towards determining exact
carbon and carbon dioxide sequestration methods are in the
process.
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