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ABSTRACT

The Kingdom of Saudi Arabia thrives with great plant diversity, including rare plants of the family
Asphodelaceae that have multiple benefits and are still being studied. Aloe shadensis is one of these plants
that must be preserved and documented in its natural environment. The most appropriate molecular
approach currently approved for documentation is the sequencing of some genomic markers. The current
study is the first to use genomic markers to record this rare plant. In this study, the plastid genes matK
(Maturase K), rbcL (Ribulose-bisphosphate carboxylase/oxygenase large subunit), and the nuclear region
ITS (Internal transcribed spacer) were used to reveal their efficiency in identifying the plant under study.
This study is the first to deal with this plant and document it using these genetic markers. The study
showed a promising result concerning identifying the sequence of the matK gene and ITS region, while
the rbcL gene did not give a good indicator through the used primers. The obtained sequences of the
matK gene and the ITS region were determined through two different sets of primers in each case then
deposited in GenBank. The evolutionary relatedness of Aloe shadensis was established with the different
species of Aloe. The study showed that the closest species is Aloe vera with a similarity of more than 99 %.
The study concludes with the possibility of using these genes to correctly identify, distinguish and doc-
ument the species of Aloe shadensis.

© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Kingdom of Saudi Arabia possesses enormous plant diversity.
Their benefits are not yet fully discovered and hence the need to
conserve them. These plants include the family Asphodelaceae
and the genus Aloe, in particular, some vulnerable species. There-
fore, there is a need to document such plants genetically and their
phenotypic characteristics to attain the ideal identification of the
species (Das et al., 2015). Such studies are of great importance
for understanding the characteristics of these species as well as
the whole family (Jaiswal et al., 2021). Aloe shadensis is distin-
guished by its presence in Jabal Shada in Albaha region, Saudi Ara-
bia only and distinctive phenotypic characteristics. Many of its
characteristics and naming are mentioned in several sources
(Chaudhary, 2001; Carter et al., 2011). This study is the first to
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document this plant genetically. Barcoding is based on determin-
ing preserved DNA regions in different species (Wattoo et al.,
2016). Many genes were reported useful since the development
of DNA barcoding of plants in 2008 (Yu et al., 2021). The most com-
mon markers in previous studies include the plastid matK and rbcL,
the nuclear ITS1, and ITS2. Moreover, the combination of these
markers is important to confer the species identification correctly
(Techen et al., 2014; Ganie et al., 2015; Kress, 2017). The study
aimed to evaluate rbcL, matK, and ITS genetic markers in DNA bar-
coding of Aloe shadensis and provide recommendations about the
efficacy in identifying this species properly.

2. Materials and methods
2.1. Plant sampling

The plant samples have collected in 2020 from Jabal Shada area
with the coordinates of the sites, Latitude, 19.8541 and Longitude,
41.3110, in Al-Baha, KSA. The plant was recognized by its morpho-
logical features and has been confirmed. The plant leaf was used to
conduct the study (Fig. 1).

1319-562X/© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
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Fig. 1. The used leaves of Aloe shadensis for DNA extraction.
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Table 3
The maximum likelihood estimate of substitution matrix in the constructed
phylogenetic tree of Aloe shadensis matK gene sequence by the first pair of primers.

From\To A T C G
A - 7.5782 3.2754 9.3227
T 6.0101 - 9.5153 2.8379
C 6.0101 22.0155 - 2.8379
G 19.7435 7.5782 3.2754 -

2.2. Molecular identification

2.2.1. DNA extraction

DNA has been extracted from the plant leaf sample (100 mg)
following the kits’ manual (NucleoSpin Plant II, Macherey-Nagel).
The purity of the extracted DNA was ensured by gel electrophoresis
and documentation (Bio-Rad).

Table 1
The primers used for PCR and sequencing in this study.
Loci Primers Direction Sequence Reference
rbcl rbcl 1F F 5'- ATGTCACCACAAACAGAAAC-3' Lledo et al. (1998)
rbcl 724r R 5'- TCGCATGTACCTGCAGTAGC-3'
matK matK-XF 1st F 5'-TAATTTACGATCAATTCATTC-3' Dunning and Savolainen (2010)
matK-MALP-R1 R 5'-ACAAGAAAGTCGAAGTAT-3'
1R_ kim 2nd F 5'- ACCCAGTCCATCTGGAAATCTTGGTTC -3’
3F_ kim R 5'- CGTACAGTACTTTTGTGTTTACGAG -3’
ITS 1 ITS 5a F 5'-CCTTATCATTTAGAGGAAGGAG-3' Stanford et al. (2000)
ITS 4 R 5'-TCCTCCGCTTATTGATATGC -3’
ITS 2 ITS S2F F 5-ATGCGATACTTGGTGTGAAT-3’ Chiou et al. (2007)
ITS S3R R 5'-GACGCTTCTCCAGACTACAAT-3’
Table 2
The plant under study, Aloe shadensis, and the percentage of similarity with the closest species in the GenBank based on the matK gene sequence by the first pair of primers.
No. Species description Scientific name Aligned sequence (bp) Coverage (%) E value Similarity (%) Accession
1 Aloe shadensis Aloe shadensis 803 100 0 100 MZ458425
2 Aloe vera voucher Aloe vera Aloe vera 800 99 0 99.88 KX377524.1
3 Aloe vera voucher CMPR8774 Aloe vera 800 99 0 99.88 KY556640.1
4 Aloe vera Aloe vera 800 99 0 99.88 ]Q276402.1
5 Aloe vera isolate 2 Aloe vera 799 99 0 99.75 AY323726.1
6 Aloe vera voucher Av3 Aloe vera 795 99 0 99.87 KP072727.1
7 Aloe vera Aloe vera 795 99 0 99.87 MW176075.1
8 Aloe vera voucher Avl Aloe vera 794 99 0 99.75 KP072725.1
9 Aloe vera Aloe vera 798 99 0 99.50 AJ511390.1
10 Aloe compressa var. compressa Aloe compressa var. compressa 799 99 0 99.50 AY323721.1
11 Aloe gneissicola Aloe gneissicola 799 929 0 99.50 AY323720.1

14

(15

(13)

(1) Aloe shadensis

(3) KY556640.1 Aloe vera voucher CMPR8774
(4) JQ276402.1 Aloe vera

(5) AY323726.1 Aloe vera isolate 2

(6) KP072727.1 Aloe vera voucher Av3

(7) MW176075.1:1-795 Aloe vera

(8) KP072725.1 Aloe vera voucher Av1

(9) AJ511390.1 Aloe vera

(10) AY323721.1 Aloe compressa var. compressa
(11) AY323720.1 Aloe gneissicola

—_
0.050

(2) KX377524.1 Aloe vera voucher Aloe vera

Fig. 2. Phylogenetic tree by neighbor-joining of Aloe shadensis with the closest species based on the matK gene sequence by the first pair of primers.
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Aloe vera voucher Aloe vera chloroplast, complete genome
Sequence ID: KX377524.1 Length: 152875 Number of Matches: 1
Range 1: 1959 to 2758

Score Expect Identities Gaps Strand Frame
1533 bits(797) 0.00) 799/800(99%) 0/800(0%) Plus/Minus

ngr{ 1 ATGGAAATCTTGGT TCAAATCCTTCAATGCCGGATTCAAGATGTTCCTTTITTITIGCATTTA 6@
Sbjc ZTSE cccccccscsssascccsancsscscantcanscccaccsssasatasccaccccscsanaananan 2699
Quer 61 TTGCGATTCTTTCTTCATGAATATCATAATTGTAATAGTCTTCTCATTACTCAGAACAAA 120
Sbjc = N S — 2639
uer 121 TCTATTTATGTTTTTTCAAATGAAAAT AAAAGACTATTTCAGTTACTATACAATTCTTAT 18@
bjc DEIB wccssccsssssscsccciesssctlscsdletcsetttsdasAtatdEcsaLasaRanEaaa 2579
Quer 181 GCTTTTGAATGTGAATTTTTATTAGELLLLE L L tCOTAAACAATCTTATTATTTACGATTA 240
Sbijc 7 ;. R S S Sy Ry g S ———— g DS — 2519
Quer 241 ACATCTTCTGCAACTTTTCTTGAACGAACCCATTTCTATAGAAAMATAGAACATCTTCGA 300
Sbjc 2OAB ciccicisssssssssEsssEEEEEEEESEEESEEsEEEEETEESESEEEEEEEREEESS 2459
Quer 381 ATAGAACATTTTTTCOTAGTATOTCOGTAACTATTTTCATAGAACTCGATGOTTCTTCAAA 360
Sbjc PN s DA R SRR ETE S S0 RiEN R R R e S e 5 2399
uer 361 AATCCTTTCATGCATTATGTTCGATATCAAAGARMAGGCAATTGTTGCTTCAAGGGGGACT 420
bijc 2B cccccssssssssssasssEitsstitistsisEtitstadtsttststsbRensaREan 2339
Quer 421 CATTTTCTGATGAAGAAATGGAAATCCCATTTTGTCAATTTCTGGCAATATTATTTTCGC 480
Sbjc DI s e e S T A R R e i R A R T e R 2279
uer 481 TTTTGGTCTCGACCGTACAGAATTCATATAAATCATTTATCAAACTATTCCTTCTATTTT S48
bjc 2ITB cccscscssssssscscsacsssstsstcasssatsscsssstcacdatssstsansadans 2219
Quer 541 CTAGGTTATTTTTCAAGTCTACTAATAAATTCTTCOGCOGGTAAGGAATCAAATGTTAGAG 600
Sbijc s I 2159
Ouerv 601 AATTCATTTCTAATGGATACCGTTACTAAAALATTTGATACCATAGTCCCAGTTATTCTT 66@
Shjct 2158 .....cccccscscsssssssassasssass Buecssssasasassacnsacscsananasanana 2099
Quer 661 CTTATTGAATCCTTGTCTARAAGCTAAATTTTOTACCGTATCAGGCCATCCTATTAGTAAG 720
Sbijc TN oo v o i i o T i i o T T, T e ) T 2039
Query 721 CCGATCTGGGCCGATTTCTCAGATTCTGATATTATTGATCGATTTGGTCGGATATGTAGA 78@
Shjct 203B ...ccicicccsscsccnsscsnsnssscccacscscsanassncacsssassananans 1979
Query 781 AATCTTTCTCATTATCACAG Soe

Sbjct J9/8 .crverenssrrascsscsses 1959

Fig. 3. The Sequence alignment of Aloe shadensis (Query) and the first next species Aloe vera (Subject) based on matK gene sequence by the first pair of primers.

Table 4

The plant under study, Aloe shadensis, and the percentage of similarity with the closest species in the GenBank based on the matK gene sequence by the second pair of primers.
No. Species description Scientific name Aligned sequence (bp) Coverage (%) E value Similarity (%) Accession
1 Aloe shadensis Aloe shadensis 825 100 0 100 MZ438002
2 Aloe vera voucher Aloe vera Aloe vera 800 100 0 99.76 KX377524.1
3 Aloe vera Aloe vera 837 100 0 99.76 ]Q276402.1
4 Aloe vera isolate 2 Aloe vera 837 100 0 99.64 AY323726.1
5 Aloe compressa var. compressa Aloe compressa var. compressa 838 100 0 99.40 AY323721.1
6 Aloe gneissicola Aloe gneissicola 837 100 0 99.40 AY323720.1
7 Aloe purpurea voucher WV 99-067 Aloe purpurea 838 100 0 99.40 KX270418.1
8 Aloe purpurea voucher MAU 0014447 Aloe purpurea 838 100 0 99.40 KX270416.1
9 Aloe macra voucher WS 92-729 Aloe macra 838 100 0 99.40 KX270415.1
10  Aloe deserti voucher NMK:19.10021 Aloe deserti 838 100 0 99.40 KU748261.1
11 Aloe nyeriensis voucher NMK:24.10026  Aloe nyeriensis 838 100 0 99.40 KU748259.1

(1) Aloe shadensis
(3) AY323726.1Aloe vera isolate 2
(5) JQ276402.1Aloe vera
(4) AY323721.1Aloe compressa var. compressa
(15 |(7) KX270418.1Aloe purpurea voucher WV 99-067
- (8) KX270416.1Aloe purpurea voucher MAU 0014447
(9) KX270415.1Aloe macra voucher WS 92-729
(6) AY323720.1Aloe gneissicola
(10) KU748261.1Aloe deserti voucher NMK:19.10021
112)'(11) KU748259.1Aloe nyeriensis voucher NMK:24.10026
(2) KX377524 .1 Aloe vera voucher Aloe vera

P
0.050

Fig. 4. Phylogenetic tree by neighbor-joining of Aloe shadensis with the closest species based on the matK gene sequence by the second pair of primers.

1127



AA. Algarni

Table 5
The maximum likelihood estimate of substitution matrix in the constructed
phylogenetic tree of Aloe shadensis matK gene sequence by the second pair of primers.

From\To A T C G
A - 8.7625 3.8645 8.7967
T 7.0988 - 8.1423 3.4057
C 7.0988 18.4623 - 3.4057
G 18.3357 8.7625 3.8645 -

2.2.2. Amplification

The primers used in the amplification are listed in Table 1. Mas-
ter Mix Phire Plant (Thermo Scientific) was used. The reaction mix-
ture and cycling instructions were followed as described. GeneAmp
cycler 9700 was used for amplification (Applied Biosystems). The
PCR product was subjected to ExoSAP-IT (GE-Healthcare) protocol
for cleanup. Before sequencing, the purity of the PCR product was
ensured by gel electrophoresis (1.2% agarose). A 100 bp DNA mar-
ker (Bioatlas) was used as a molecular standard. A Bio-Rad docu-
mentation system has been used to visualize the gel under UV
light.

Saudi Journal of Biological Sciences 29 (2022) 1125-1133

2.2.3. Sequencing

Sequencing was done following the kit’s protocol (BigDyeTer-
minator v3.1, Applied Biosystems). The same PCR primers have
been used for sequencing. The reaction has done in An ABI-3500
DNA-Analyzer (Applied Biosystems).

2.2.4. Data analysis

The assembled sequences were used to classify the plant. This
was conducted through the GenBank BLAST tool and the BOLD
database systems. The final sequences have then been deposited
in GenBank. Phylogenetic analysis has been carried out by
MEGA-X software (Kumar et al., 2018).

3. Results

The results showed that the primers used in the amplification
process for the genetic markers under study mentioned in Table 1
gave fragments of molecular weights as expected, except for the
rbcL gene, and the result was negative, and therefore its sequence
was not determined. The rest of the markers were positive, as in
the order of Table 1 the matK gene, followed by the ITS region,
using two pairs of primers in each case. The molecular weights of

Aloe vera voucher Aloe vera chloroplast, complete genome

Sequence ID: KX377524.1 Length

152875 Number of Matches: 1

Range 1: 1895 to 2732
Score Expect identities Gaps Strand Frame
1590 bits(827) 0.00 836/838(99%) 1/838(0%) Plus/Minus
OQuerwv 1 ATGCCGGAGTCA-GATGTTCCT T T T TTIGCATTTATTIGCGATTICTTTICTTCATGAATATCA S9
Sbict 2732 cocccces Weoollecooseosososssscssssscssssssssssssssssssssssssscsne 2673
uery a2 TAATTGTAATAGTCT TCTCAT TACTCAGAACAAATCTATTTATGT T TTTTCAAATGAAAA 119
Bet ' TETD. oo mm e g TS e e sl S 2613
Query 1z2e TAAAAGACTAT TTCAGT TACTATACAATTCTTATGCT T TTGAATGTGAATTTTTATTAGT 179
Sbict 2612 ...t cccsscscsessssescssesssssesseeseessesseseesssessssessnass 2553
Query i8e Tttt Tt tCGTAAACAATCT TAT TAT TTACGAT TAACATCTTCTGCAACT TTTCT TGAACG 239
Sbict 25D ZE 200900000900 000900°0000000000sc0losenstestssssrsssssssssscsss 2493
Query 24e AACCCAT T TCTATAGAAAAATAGAACATCT TCGAATAGAACATTITITTTCGTAGTATGTCG 299
CShHfct. DEED: Soicicomalsie ot e st e hs e e e s e e e e B e e e 2433
Query 3ee TAACTAT T T TCATAGAACTCGATOGTTCT TCAAAAATCCTTTCATGCATTATGTTCGATA 359
Sbijct 2032 ccccccscsssrsssssesessstsessessesssstessEeEsSsSESISESEEROISSERSERIETEERSTETSS 2373
Query 36 TCAAAGAAAGGCAAT TGTTGCT TCAAGGGGGACTCAT T T TCTGATGAAGAAATGGAAATC 419
Sbict DBTL ceoosveiscseississsstsbodottssssbossrtatisbosbasctsdsetnsssatensdsses 2313
Query 4aze CCATTTTGTCAATTTCTOGGCAATATTATTITTCGCTTTTGGTCTCGACCGTACAGAATTCCA 479
Sbict B - S M A g e S S PR PR g 2253
Query 480 TATAAATCAT T TATCARAACTATTCCTTCTATTTITCTAGGTTATTTT TCAAGTCTACTAAT S39
Sbict 2252 cccccsssssssssssssssssssssssssss sttt ettt et ssssssssssessssess 2193
uery sae AAATTCT TCGGCGOTAAGGAATCAAATGT TAGAGAAT TCATTTCTAATGGATACCGTTAC 599
bijct IR | (i) o o o e 5, o e B S 0 s S T Vs s 5 B o S i i P . 2133
Query cee TAAGAAAT T TGATACCATAGTCCCAGTTATTCTTCTTATTGAATCCTTGTCTAAAGCTAA 659
Sbijct 2132 c i i ccccccccscssscsseseesesteeesssssecseseeessensseeeetsnns.sn 2073
Query 66 ATTTTIGTACCGTATCAGGCCATCCTAT TAGTAAGCCGATCTGGGCCGATTTICTCAGATTC 719
Sbict 2072 ccccscccsssssssscsssssssssssasscsssssscsssssssssssssscsssssasas 2013
uery 720 TEATAT TAT TGATCGAT TTGGTCGGATATGTAGAAATCTTTCTCATTATCACAGCGGATC 779
el SR oo S eie g e s g e e s S st S e e e A e A e SRS s L 1953
Query 78e CTCaaaaaaaCAGGAT T TIGTATCGAATAAAGTATATACTTCGACTTTCGTGTGCTAGA 837
SEEIET. TEERE o o ae i e e s B e e R e S e 189S

Fig. 5. The Sequence alignment of Aloe shadensis (Query) and the first next species Aloe vera (Subject) based on matK gene sequence by the second pair of primers.

Table 6

The plant under study, Aloe shadensis, and the percentage of similarity with the closest species in the GenBank based on the ITS region sequence by the ITS1 pair of primers.
No. Species description Scientific name Aligned sequence (bp) Coverage (%) E value Similarity (%) Accession
1 Aloe shadensis Aloe shadensis 404 100 0 100 MZ420214
2 Aloe retrospiciens voucher Grace163 Aloe retrospiciens 367 90 0 98.91 KJ557911.1
3 Aloe dorotheae voucher Grace202 Aloe dorotheae 367 90 0 98.91 KJ557867.1
4 Aloe camperi voucher Grace153 Aloe camperi 367 90 0 98.91 KJ557857.1
5 Aloe sinkatana voucher Grace135 Aloe sinkatana 367 90 0 98.91 KC893738.1
6 Aloe vera voucher Grace220 Aloe vera 366 90 0 98.91 KC893746.1
7 Aloe minima voucher Klopper & Abbot464 Aloe minima 367 20 0 98.64 KJ557469.1
8 Aloe trichosantha voucher Grace151 Aloe trichosantha 366 90 0 98.37 KJ557922.1
9 Aloe fleurentinorum voucher A.G.Miller&D.Long3459  Aloe fleurentinorum 366 90 0 98.09 KJ557872.1
10  Aloe ankoberensis voucher Grace148 Aloe ankoberensis 367 20 0 98.09 KJ557848.1
11 Aloe thorncroftii isolate P7710 Aloe thorncroftii 357 88 0 98.88 KF013327.1
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(14]

M3
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0.0020
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(1) Aloe shadensis
(2) KJ557911_1Aloe retrospiciens voucher Grace163
(3) KJ557867_1Aloe dorotheae voucher Grace202
(4) KJ557857.1Aloe camperi voucher Grace153
(5) KCB93738 Aloe sinkatana voucher Grace135
(6) KC893746.1Aloe vera voucher Grace220
(11) KF013327.1Aloe thorncroftii isolate P7710
(8) KJ557922 1Aloe trichosantha voucher Grace151
ﬁ‘—(g) KJ557872 Aloe fleurentinorum voucher A G_MillerD_Long2459
(7) KJ557469_1Aloe minima voucher Klopper Abbot464
(10) KJ557848.1Aloe ankoberensis voucher Grace148

Fig. 6. Phylogenetic tree by neighbor-joining of Aloe shadensis with the closest species based on the ITS region sequence by the ITS1 pair of primers.

Table 7
The maximum likelihood estimate of substitution matrix in the constructed
phylogenetic tree of Aloe shadensis ITS region sequence by the ITS1 pair of primers.

From\To A T C G

A - 5.8594 11.6306 9.5684
T 6.2565 - 9.1819 12.0895
C 6.2565 4.6258 - 12.0895
G 49518 5.8594 11.6306 -

matK amplicon by first and second pair were 900 and 850, while
the weights for the ITS region were 800 and 500 using ITS1 and
ITS2 primers, respectively. The partial sequences of these genetic
markers were obtained using the same primers, then four assem-
bled sequences were obtained and deposited in the GenBank. The
sequences were used through the BOLD system to identify the

plant, and also the closest species in the GenBank were obtained.
The phylogenetic trees were established, and the plant was
compared in each case with the neighboring species. Aloe shadensis
was deposited and documented here in this study with genetic
markers for the first time. The results showed that through any
identification system and for all the markers used, the plant genus
is Aloe. Aloe vera was the most closely related species with greater
extent than the other species of Aloe. Below are the results of each
genetic marker used in order. The sequence alignment was per-
formed in the MEGAX program using ClustalW, and evolution trees
were established with Bootstrap 1000 replicates. In the case of the
matK sequence (803 bp) using the first pair of primers (matK-XF
and matK-MALP-R1) and using the BOLD system for identification,
the closest species was Aloe vera with a percentage of 99.88%. By
using the BLAST tool in the gene bank, it was also shown that the
closest species is Aloe vera with the same percentage of 99.88%
(Table 2). The phylogenetic tree for this sequence was constructed

Aloe retrospiciens voucher Grace163 intemal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence;

and intemal transcribed spacer 2, partial sequence

Sequence |D: KJ557911.1 Length: 667 Number of Matches: 1
Range 1: 301 to 667

Score Expect Identities Gaps Strand Frame
683 bits(355) 0.0() 363/367(99%) 0/367(0%) Plus/Plus

Ouerv 17  ATGCGCTACTTGGTGTGAAGTGCAGAATCCCGCGATCCATCGTGTTTTTGAACGCAAGTT 76
SHICE . WL .ooue ' RPN, - . T ' R — 360
Query 77 GCGCCCGAGGCCACCCGOCCGAGGOCACGCCTGCCTEGGCGTCACGCCTCGCGTCOCTCC 136
SDICE 3Bl siccesisinsasssansiisarcsnssnsissaseenssssosassscaaiesoosnne 420
Query 137 GCCTACCTCGCCCTGAGCACCCCGTGCTCTTATGGCGGCGGGCGGCGRATGCGGAGATTG 196
e = o L o S A T 480
Query 197 GCCCTCCGTGCCTTGCGGTGCGGTGOGTCGAAGTGTCGGTCGCCGGCCGGGCTTGGCACG 256
< s el s RS R e S A R A B e R s T O 540
Query 257 GTGAGTGGTGGACGGACTAGCTCCCGAGCGCCGGACGCCGTGAAAAACCATCCCGATGLC 316
SHIGE BBl scnisisscorsosnursstiatessnitosiantossasticosaisessriasesvse 600
Query 317 GGGTACATGACAGAGATGATAAGAACCCACACCGAAGGGCGCAGCGCGCCATCGGATCGL 376
< R 1 L T L e 660
Query 377 GACCCCA 383

Shict BBl <..vivs 667

Fig. 7. The Sequence alignment of Aloe shadensis (Query) and the first next species Aloe retrospiciens (Subject) based on ITS region sequence by the ITS1 pair of primers.
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Table 8
The plant under study, Aloe shadensis, and the percentage of similarity with the closest species in the GenBank based on the ITS region sequence by the ITS2 pair of primers.
No. Species description Scientific name Aligned sequence (bp) Coverage (%) E value Similarity (%) Accession
1 Aloe shadensis Aloe shadensis 386 100 0 100 MZ424222
2 Aloe vera voucher B0709 Aloe vera 365 94 0 99.73 MN519271.1
3 Aloe vera bio-material AHP_Lot_147 Aloe vera 364 94 0 99.45 MK087867.1
4 Aloe nyeriensis voucher NMK:EA 13614 Aloe nyeriensis 365 94 0 98.90 MT137508.1
5 Aloe kedongensis voucher NMK:EA 13642 Aloe kedongensis 365 94 0 98.63 MT137515.1
6 Aloe tormentorii isolate ALTO2 Aloe tormentorii 357 92 0 98.60 KX689271.1
7 Aloe volkensii voucher NMK:EA 13619 Aloe volkensii 364 94 0 98.36 MT137509.1
8 Aloe tormentorii isolate ALTO1 Aloe tormentorii 354 91 0 98.31 KX689270.1
9 Aloe retrospiciens voucher Grace163 Aloe retrospiciens 327 84 2.00E-171 99.69 KJ557911.1
10 Aloe dorotheae voucher Grace202 Aloe dorotheae 327 84 2.00E-171 99.69 KJ557867.1
11 Aloe camperi voucher Grace153 Aloe camperi 327 84 2.00E-171 99.69 KJ557857.1
(1) Aloe shadensis
(2) MN519271.1Aloe vera voucher BO709
(18) |(3) MKO87867.1Aloe vera bio-material AHP Lot 147
(9) KJ557911_1Aloe retrospiciens voucher Grace163
(10) KJ557867.1Aloe dorotheae voucher Grace202
(11) KJ557857 1Aloe camperi voucher Grace153
(4) MT137508.1Aloe nyeriensis voucher NMK:EA 13614
(7) MT137509.1Aloe volkensii voucher NMK-EA 13619
(6) KX689271.1Aloe tormentorii isolate ALTO2
12) (8) KX689270.1Aloe tormentorii isolate ALTO1
(5) MT137515.1Aloe kedongensis voucher NMK-EA 13642
[ ——
Fig. 8. Phylogenetic tree by neighbor-joining of Aloe shadensis with the closest species based on the ITS region sequence by the ITS2 pair of primers.
Table 9 centage of 98.91% (Table 6). The phylogenetic tree for this

The maximum likelihood estimate of substitution matrix in the constructed
phylogenetic tree of Aloe shadensis ITS region sequence by the ITS2 pair of primers.

From\To A T C G
A - 2.7125 5.8786 6.3531
T 3.1065 - 37.4319 6.1764
C 3.1065 17.2718 - 6.1764
G 3.1954 2.7125 5.8786 -

with the closest species (Fig. 2) with the estimated substitution
matrix (Table 3). The overall mean distance amongst Aloe shadensis
and the individuals represented in the phylogenetic tree was 0.1
with a standard error (S.E. equals 0.0). Fig. 3 shows the alignment
of the sequence of Aloe shadensis and its closest species, Aloe vera.
In the case of the matK sequence (825 bp) using the second pair of
primers (1R_ kim and 3F_ kim) and using the BOLD system for
identification, the closest species was Aloe vera with a percentage
of 100%. By using the BLAST tool in the gene bank, it was also
shown that the closest species is Aloe vera with a percentage of
99.76% (Table 4). The phylogenetic tree for this sequence was con-
structed with the closest species (Fig. 4) with the estimated substi-
tution matrix (Table 5). The overall mean distance amongst Aloe
shadensis and the individuals represented in the phylogenetic tree
was 0.25 with a standard error (S.E. equals 0.0). Fig. 5 shows the
alignment of the sequence of Aloe shadensis and its closest species,
Aloe vera. In the case of the ITS region sequence (404 bp) using the
ITS1 pair of primers (ITS 5a and ITS 4) and using the BOLD system
for identification, the closest species was Aloe sinkatana with a per-
centage of 100%. By using the BLAST tool in the gene bank, it was
also shown that the closest species is Aloe retrospiciens with a per-
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sequence was constructed with the closest species (Fig. 6) with
the estimated substitution matrix (Table 7). The overall mean dis-
tance amongst Aloe shadensis and the individuals represented in
the phylogenetic tree was 0.13 with a standard error (S.E. equals
0.0). Fig. 7 shows the alignment of the sequence of Aloe shadensis
and its closest species, Aloe retrospiciens. In the case of the ITS
region sequence (386 bp) using the ITS2 pair of primers (ITS S2F
and ITS S3R) and using the BOLD system for identification, the clos-
est species was Aloe sinkatana with a percentage of 100%. By using
the BLAST tool in the gene bank, it was also shown that the closest
species is Aloe vera with a percentage of 99.73% (Table 8). The phy-
logenetic tree for this sequence was constructed with the closest
species (Fig. 8) with the estimated substitution matrix (Table 9).
The overall mean distance amongst Aloe shadensis and the individ-
uals represented in the phylogenetic tree was 0.43 with a standard
error (S.E. equals 0.01). Fig. 9 shows the alignment of the sequence
of Aloe shadensis and its closest species, Aloe vera. Table 10 shows a
summary of the closest species to Aloe Shadensis using the two
identification systems. An Alignment of both sequences of the
matK gene was performed using both pairs of primers, and a
sequence of 777 bp was obtained (Fig. 10). Another alignment of
the two ITS region sequences was also performed, and a sequence
of 332 bp was obtained (Fig. 11). By matching the final matK
sequence and also using both identification systems, the results
showed that Aloe vera is the closest species to Aloe shadensis, with
a percentage of more than 99%. Also, the ITS region gave a similar-
ity of more than 99 % to Aloe vera in the GenBank system. In the
BOLD system, Aloe dorotheae was given, followed by other species
of Aloe, then Aloe vera ranked 89th. In all these species, the
sequence covering ratio has decreased from 322 in the first species
to 194 in the case of Aloe vera.
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Aloe vera voucher B0709 5.8S nbosomal RNA gene, partial sequence; intemnal transcribed spacer 2, complete sequence; and large
subunit ibosomal RNA gene, partial sequence
Sequence ID: MN519271.1 Length: 480 Number of Matches: 1

Range 1: 21 to 385

Score Expect Identities Gaps Strand Frame
687 bits(357) 0.0() 364/365(99%) 1/365(0%) Plus/Plus

Ouerv 9 CGAGTTTTTGA-CGCAAGTTGCGCCCGAGGCCACCCGGCCGAGGGCACGCCTGCCTGGGC 67
o R 80
Query 68 GTCACGCCTCGCGTCGCTCCGCCTACCTCGCCCTGAGCACCCCGTGCTCTTATGGCGGCG 127
L T i S 140
Query 128 GGCGGCGGATGCGGAGATTGGCCCTCCGTGCCTTGCGGTGCGGTGGGTCGAAGTGTCGGT 187
s ST | RS e 200
Query 188 (CGCCGGCCGGGCTTGGCACGGTGAGTGGTGGACGGACTAGCTCCCGAGCGCCGGACGCCG 247
3 7= S L e 260
Query 248 TGAAAAACCATCCCGATGCCGGGTACATGACAGAGATGATAAGAACCCACACCGAAGGGC 387
SHIEE SIBLL soimsmiss s e e SR S R VR S e R R S A SRS RS SRS 320
Query 308 GCAGCGCGCCATCGGATCGCGACCCCAGGTCAGGCGGGAACACCCGCTGAGTTTAAGCAT 367
L L R v P 380
Query 368 ATCAA 372

Shict 381 ... 385

Fig. 9. The Sequence alignment of Aloe shadensis (Query) and the first next species Aloe vera (Subject) based on ITS region sequence by the ITS2 pair of primers.

Table 10

4. Discussion

Summary of the closest species to Aloe shadensis by GenBank and BOLD identification

systems.

Combining coding and noncoding genetic markers is the best

Genetic Marker

GenBank Identification ~ BOLD Identification approach to DNA barcoding of plants. The most commonly investi-

gated markers in many studies are the plastid conserved rbcL gene

matK(1st pair of primers) Aloe vera Aloe vera . 8
matK(2nd pair of primers)  Aloe vera Aloe vera and the more variable matK gene. Recently, the (ITS) region also
ITS1 Aloe retrospiciens Aloe sinkatana has proven a useful variable marker (Kress, 2017). So, this study
ITS2 Aloe vera Aloe sinkatana was planned to investigate the efficiency of these markers in the
Sequence ID: Query_53913 Length: 837 Number of Matches: 1
Range 1: 1t0 777
Score Expect Identities Gaps Strand Frame
1413 bits(765) 0.00 774/778(99%) 2/778(0%) Plus/Pilus
?t;‘j"“tl §7 ATGC CGGAETC AAGATGTTCCTTTTTTIGCATTTATTGCGATTCTTTCTTCATGAATATCA gg
€T 1 ceccccces T T T T T T
ery 87 TAATTGTAATAGTCTTCTCATTACTCAGAACAAATCTATTTATGTTITTTTCAAATGAAAA 146
Bk P, oo e i e s et e S S O L Gle R e R et s et 119
Query 147 TAAAAGACTAT T TCAGT TACTATACAATTCTTATOCT T TTGAATGTGAATTTTTATTAGE 206
Sbict AP 00000609088 068+00bscatiitstildtetitttstscted s ttsessssassss 179
guqr¥ 207 Tttt ttCGTAAACAATCTTATTATTTACGATTAACATCTTCTGCAACTTTTCTTGAACG 266
BN M s e s e e e e e S R T ST e B e 23s
guer'y 267 AACCCATTTCTATAGAAAAATAGAACATCTTCGAATAGAACATTTTTTCGTAGTATGTCG 326
T A I A e e e e Bl o A PR RS Pl ST 239
ery 327 TAACTAT T T TCATAGAACTCGATGGTTCT TCAAAAATCCTTTCATGCATTATGTTCGATA 386
BICE: BB . i T i i e st a s b e e e G e e R e e h e e e & e 3s9
gue_q 387 TCAAAGAAAGGCAATTGTTGCT TCAAGGGGGACTCATTTTICTGATGAAGAAATGGAAATC 446
bijc BED et e00009000000890000060000000000sssRsstOREsTESRSIEIERESICECESTBRTTSS 419
ery 447 CCATTTTGTCAATTTCTGGCAATATTATTTITCGCTTTTGGTCTCGACCGTACAGAATTCA 506
B I o R e e e T e ot o e i e VS o 479
gu r{ sSe7 TATAAATCATTTATCAAACTATTCCTTCTATTTTCTAGGTTATTTTTCAAGTCTACTAAT S66
DACE BBE o i e e R R e e e e s S35
QuSTY 3§ AAATTCTTCGGCGGTAAGGAATCAAATGTTAGAGAATTCATTTCTAATGGATACCGTTAC 626
I B Foranshicacsssssnncessesineh ot acn Bt e e sule na s eee s e 539
Ouerv 627 TAAALAAATTTGATACCATAGTCCCAGTTATTCTTCTTATTGAATCCTTGTCTAAAGCTAA 686
BREEE B olless e cdisisreitiliiichess veiensseorsebbeoeesesebisadorss 659
gqu 687 ATTTTIGTACCGTATCAGGCCATCCTATTAGTAAGCCGATCTGGGCCGATTTCTCAGATTC 746
b3 ¢ RS s i s iy ol @emiralanivs JURR LIl g it o il  igmitsbwis s 719
Ouerv 747 TGATATTATTGATCGATTTGGTCGGATATGTAGAAATCTTTCTCATTATCACAG-GGA 803
Sbijct TR s ts s s ert st ad e seetssnesBedeonssesantenessssssassans Ce o F 7 7 4

Fig. 10. The Sequence alignment of Aloe shadensis by both pairs of primers of matK gene.
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Sequence ID: Query_23837 Length: 386 Number of Matches: 1
Range 1: 9 to 340

Score Expect |dentities Gaps Strand Frame
597 bits(323) 2e-175() 330/333(99%) 2/333(0%) Plus/Plus

Ouerv 57  CGTGTTTTTGAACGCAAGTTGCGCCCGAGGCCACCCGGCCGAGGGCACGCCTGLCTGGGE 116
Sbjct 9 | — e e (S e (i T i T e SO i S e 67
Query 117 GTCACGCCTCGCGTCGCTCCGCCTACCTCGLCCTGAGCACCCCGTGLTCTTATGGLGGCG 176
Shjct 68 e e e e e ee e e e e cee. 127
Query 177 GGCGGCGGATGCGGAGATTGGCCCTCCGTGLCTTGCGGTGCGGTGGETCGAAGTGTCGGT 236
BDICE D28 oo s o 56 5is inr 50010 i R 4R 8 8 i kil (B8 1B oo G 187
Query 237 CGCCGGCCGLGCTTGGCACGGTGAGTGGTGGACGGACTAGCTCCCGAGCGCCGGACGCCG 296
QUHCE  ABE  oiiais viino 5,00 o6 s i v o 945 s 0 Al 500 08 0085 S50 b 8, i 247
Query 297 TGAAAAACCATCCCGATGCCGGGTACATGACAGAGATGATAAGAACCCACACCGAAGGGC 356
B o o - 307
Ouerv 357 GCAGCGCGCCATCGGATCGCGACCCCAG-TCAG 388

|y [y S e e P 340

Fig. 11. The Sequence alignment of Aloe shadensis by both pairs of primers of ITS region.

barcoding of the rare plant Aloe shadensis for the first time. The pri-
mers used in the amplification of the investigated markers under
study were adequate, excluding the pairs used for the rbcL gene,
which may require more specificity for successful amplification.
This is not much of a hindrance here as we have other markers
to confirm the definition of plant genus, and however, it is not of
much use on its own to distinguish plant species (Kang et al.,
2017). The remainder markers, including the matK gene and the
(ITS) region, were partially sequenced by the same primers used
in amplification in each case. The results confirmed the identity
of the plant genus, Aloe. In many studies, the matK gene and the
(ITS) region genetic markers have been proved very efficient in dis-
tinguishing the plant species and hence being promise candidates
in the barcoding of plants (Han et al., 2016; Yu et al,, 2021). The
sequence of the matK gene using both pairs of primers showed
effectiveness in identifying the species, as many species of Aloe
were found similar to it, although the closest was Aloe vera, due
to the complete sequencing of its genome. Also, by performing
the alignment of the two sequences of Aloe shadensis and obtaining
a common sequence with high identity, it gave the same results in
the identification, which supports its use as a distinguishing mar-
ker of the Aloe shadensis plant. The matK gene often contains many
variable pieces and is considered a distinctive marker for the differ-
entiation of plant species (Dong et al., 2012). In the case of the (ITS)
region, the sequences obtained using the ITS1 and the ITS2 primers
and also their alignment revealed some variations concerning Aloe
species relatedness to Aloe shadensis. This was also another support
to the power of species discrimination through this region. The
successful ITS2 region sequence was achieved by the two different
sets of primers. The sequence of the ITS1 region was not repre-
sented here equally well as in the case of the ITS2 region sequence.
Usually, the ITS1 region may encounter a little difficulty in
sequencing despite the successful amplification, and recently, the
ITS2 region has been paid more attention (Wang et al., 2016; Yu
et al., 2021). In Conclusion, the study proved the efficiency of the
matK gene and the ITS2 region as reliable markers in the barcoding
of Aloe shadensis. Even though the results of the rbcL gene and the
ITS1 region were not very promising, they can give better results
with more designed specific primers. The study recommends the
importance of using these genetic markers in documenting this
rare plant and conducting a further study on this subject.
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