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There is great plant diversity in Saudi Arabia. The Asphodelaceae family is within this great diversity, espe-
cially the rare species such as the plant, 4loe saudiarabica. Such plants must be preserved in their natural
ranges, hence, the need to document them. Genetic markers have become the approved and widely used
method for documenting rare plants. The current study deals with the use of three genetic markers to document
A. saudiarabica for the first time. The used genetic markers were Maturase-K (matK), Ribulose-bisphosphate-
carboxylase (rbcL), and Internal-transcribed-spacer (ITS). The study found that the primers used for the rbcL
gene were not effective in achieving identification. Sequencing of the matK and ITS were achieved success-
fully. The sequences were determined for both markers using two pairs of primers and deposited in the NCBI
databases (GenBank). These markers were effective in identifying 4. saudiarabica and determining its evolu-
tionary relationship with other Aloe species in various databases. The study showed that A. vera is high similar
(>99%) to the other species. In conclusion, the study showed the likelihood of the different genetic markers to

tion, rbcL, matK, ITS

document A. saudiarabica, especially the currently investigated matK and ITS.
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Introduction

Saudi arabia boasts a rich and diverse flora, which har-
bors valuable yet largely undiscovered plant resources.
Therefore, there is a pressing need to conserve these plant
resources to ensure their long-term sustainability and
continued use in various fields, such as medicine, agricul-
ture, and industry (1).

The Aloe genus is a group of succulent plants that
belongs to the Asphodelaceae family. There are over 500
species of Aloe plants, and they are distributed in various
regions of the world, including Saudi Arabia (2).

A number of rare and endemic species, including A.
saudiarabica, are found in this genus. Therefore, docu-
menting the genetic diversity of these plants and conduc-
ting phenotypic studies are of utmost importance to accu-
rately describe and differentiate between species, unders-
tand the evolutionary history and ecological significance
of the 4loe genus, and develop conservation strategies to
ensure the preservation of these valuable plant resources
for future generations (3, 4).

The A. saudiarabica is an indigenous plant of Saudi
Arabia, with distinguished appearance characteristics that
have been documented in references (5,6). In this study, we
report the first genetic documentation of this plant. Accu-
rate and detailed inventories of different plant species are
crucial for protecting and preserving the diversity of plant
life. However, traditional methods of identifying plants
based on physical characteristics can be challenging. The-
refore, it has become essential to utilize new technological
and analytical methods in order to better understand and
safeguard plant biodiversity (7-9).

DNA barcoding is an efficient method for identifying
medicinal plant species, which can play a crucial role in

both the conservation and use of these plants. Compared
to traditional morphological identification methods, DNA
barcoding allows for more accurate identification of spe-
cies, which ensures that the products used for medicinal
purposes are genuine. This is particularly valuable for
medicinal plant species (10,11). Conserved DNA regions
have been identified in different plant species through
DNA analysis, which has resulted in the discovery of
numerous genetic markers since the development of plant
DNA barcoding (12).

Among the highly adopted markers in previously
conducted studies include the genes of the plastids and
the nuclear ITS region. Also, the combination of the two
approaches was considerable for proper species alloca-
tion (13,14). The present study has focused on the use
of genetic markers, specifically rbcL, matK, and ITS, for
the purpose of identifying A. saudiarabica. The efficacy
of identification through the aforementioned markers was
evaluated in this study.

Materials and Methods

Samples locality

Specimens of plants were gathered from the location
of Baljurash, Heznah; Albaha region in Saudi Arabia
(19°50'17.3"N 41°32'55.7" E) in 2020. The characteristic
morphology of the plant leaves was the basis to distinguish
and confirm its identity. The collected plant leaves shown
in (Figure 1) were used to carry out this investigation.

Molecular Identification

DNA Extraction
The NucleoSpin Plant II kit was utilized to extract
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Figure 1. Aloe saudiarabica leaves.

DNA from the plant leaves, following the protocols outli-
ned in the kit's manual. The integrity of the purified DNA
was confirmed by gel electrophoresis using Bio-Rad.

Amplification

Table (1) lists all the primers employed in the PCR
reaction. The PCR reaction was carried out using Thermo
Scientific master mix and all guidelines for mixing and cy-
cling were strictly adhered to. The PCR amplification was
carried out using a GenAmp 9700 thermal cycler from Ap-
plied Biosystems. Following PCR amplification, the pro-
ducts were purified using a protocol from GE-Healthcare,
specifically ExoSAP-IT. The PCR product purity was sub-
sequently confirmed by electrophoresis on a 1.2% agarose
gel, using a 100 bp Bioatlas DNA marker as the molecular
standard. The gel was visualized using ultraviolet light and
imaged using a gel documentation system from Bio-Rad.

Sequencing
The sequencing reaction was performed using the Ap-

Table 1. List of Primers used for PCR and sequencing.

plied Biosystems BigDye Terminator protocol, using the
same primers listed in Table 1. The sequencing products
were then analyzed using an ABI3500 genetic analyzer
from Applied Biosystems.

Analysis of data

The obtained forward and reverse sequences were as-
sembled and then used in identification and analysis. These
sequences were submitted to the NCBI (GenBank) data-
bases for deposition. The identification and evolutionary
analysis were conducted by two methods for confirmation.
The used databases were the BOLD and NCBI systems.
The MEGA-X software was finally used in creating the
evolutionary trees (15).

Results

In this study, genetic detection was performed using
the primers listed in Table (1). The approximate molecular
sizes of all fragments were as predicted except the rbcL
gene. No fragment was generated in the PCR of the rbcL
gene. The rest markers gave positive results, as arranged
in Table (1). The molecular sizes of matK fragment by the
Ist primer pair was 900 bp, while an 850 bp fragment was
generated by the second pair. Likewise, the ITS (1) and (2)
primers gave weights of 800 and 500, respectively.

Partial sequencing of matK and ITS has been achieved
by the same PCR primers. All the obtained sequences were
then assembled and deposited in GenBank. 4. saudiara-
bica identification through the GenBank and the BOLD
approaches was accomplished. The neighboring species
retrieved from the GenBank were used to construct the
phylogeny relationships. 4. saudiarabica was documented
genetically for the first in this study.

Based on the identification systems and the aforemen-
tioned sequences, Aloe was identified as the dominant
genus, with 4. vera being the most closely related species,
followed by various other 4/oe spp. The evolutionary trees
were constructed using MEGA-X software with 1000 re-
plicates for the Bootstrap values, and nucleotide sequence

Barcode region Primers Sequence (5'-3") Reference
bel. 1F ATGTCACCACAAACAGAAAC (28)
724 R TCGCATGTACCTGCAGTAGC
XF N TAATTTACGATCAATTCATTC
e MALP-R1 ACAAGAAAGTCGAAGTAT (29)
IRkim F o ACCCAGTCCATCTGGAAATCTTGGTTC
3Fkim R CGTACAGTACTTTTGTGTTTACGAG
TS 5aF CCTTATCATTTAGAGGAAGGAG (30)
4R TCCTCCGCTTATTGATATGC
T2 S2F ATGCGATACTTGGTGTGAAT G
S3R GACGCTTCTCCAGACTACAAT
Table 2. The NCBI blast result for the Aloe saudiarabica matK sequences (first primer).
No. Species name sequence (bp) Query cover E-value  Indent.  Accession
1 Aloe saudiarabica 835 100% 0 100%  MZ488573
2 Aloevera 817 97% 0 99.88% KX377524
3  Aloevera 817 97% 0 99.88% KY556640
4  Aloevera 817 97% 0 99.88% JQ276402
5  Aloevera 811 97% 0 99.88% MW176075
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alignments were performed using ClustalW.

The 1% primer pairs of the matK gene, matK-XF and
matK-MALP-R1, gave a sequence of 835 bp in length. 4.
vera was the first species in the BOLD identification sys-
tem with 99.88 % similarity. The same species with the
same percentage was also obtained using the GenBank
tools (Table 2). Figure (2) shows the phylogenetic tree
constructed, including the neighboring species, for this
sequence with a total mean distance of 0.1 (standard error,
0.0). Table (3) reveals the accompanied substitution ma-
trix with this tree. Aligned sequences of A. saudiarabica
and the closest relative 4. vera are shown in Figure (3).

The 2™ primer pairs of the matK gene, IR kim and
3F _kim, gave a sequence of 824 bp in length. A. vera was
the first species in the BOLD identification system with
99.88% similarity. The same species with the same percen-
tage was also obtained using the GenBank tools (Table
4). Figure (4) shows the phylogenetic tree constructed
including the neighboring species for this sequence with
a total mean distance of 0.1 (standard error, 0.0). Table
(5) reveals the accompanied substitution matrix with this
tree. Aligned sequences of 4. saudiarabica and the nearest
relative 4. vera is shown in Figure (5).

Concerning sequencing of ITS, the ITSI pair of pri-
mers gave 395 bp sequence. A. dorotheae came first

through BOLD identification with 98.63% similarity.

Aloe vera voucher Aloe vera chloroplast, complete genome

Sequence |D: KX377524.1 Length: 152875 Number of Matches: 1
Range 1: 1943 to 2759

Score

1556 bits(809)
&3¢
&3¢
s
&5 35

Query 241
Shjct 2519

Expect Identities Gaps Strand Frame

0.0() 816/317(99%) 1/817(0%)
TATGGAAATCTTGGTTCAAATCCTTCAATGLCGCATTCAAGATGTTCCTTTTTTGCATTT 68

Plus/Minus
1
2759
Bl
L -
121
T

Query 381
Shjct 2459

B5e
B5e
&5e
&5e
&5e
S5 583
Ouerv 721

Sbjct 2039

Query 78a
shjct 1979

361
2399

421
2339

481
2279

541
2219

Ba1
i

ARATC CTCATTATCACAGCGGATCCTCaaaaaaa 816
..................................... 1943

Figure 3. Aloe saudiarabica (Query) Sequence alignment and Aloe
vera (Subject) using matK gene sequence (first primer).

{ (1) MZ4BASTS Alow saudiarabica
e (3) KYSSE540.1 Alow vara vewehar CMPRETTA

(4} JOZTEL02.1 Alow verm

(1]

{5) MWTSITS, 1 Mo vern

T) GO434051.1 Aloe vera voucher PEI4TMTIN

- {aau37ma 1 e vera vousher Aos vera
b (6) KPOT2T27.1 Alos via voucher Av3

(14

(11} LCAS18T0 Alo vora isolate CHULA-1Z28

(10) GO4I4047.1 Alos vora vouchar PEO04AMTOY

GOAIL04R.1 Aloe vera voucher PSO044MTOZ

) GO43L050.1 Aloe vera voucher PSO044MTIY

Figure 2. Phylogenetic tree of Aloe saudiarabica using matK

sequences (first primer).

(1) MZ501484 Aloe saudiarablca

(2) KX3T7524.1 Aloo vera voucher Alos vers

(3) JO2TEAOZ 1 Aloe vera
sy

(4) AY3IZITZE.1 Aloe vera isolate 2

€19)

(5) AY323721.1 Alos compressa var, compressa

(7) KX270418.1 Aloe purpurea voucher WY 99-067

1) (B) KX270416.1 Alos purpurea voucher MAL 0014447
ey €13y

(8) KX270415.1 Aloe macra voucher WS 92.729

(8) AY3ZITZO 1 Aloe gnelssicol 1a

l—( 10) KUI748261.1 Alos deser voucher NMK:18.10021

€12y
(11) KUZ48250.1 Alos nyeriensis voucher NMIK:24 10026

Figure 4. Phylogenetic tree of Aloe saudiarabica using matK

sequences (second primer).

Table 3. substitution estimates for matK sequence (first primer).

Table 5. substitution estimates for matK sequence (second primer).

From\To A T C G From\To A T C G
A - 7.4830 3.2404 9.4076 A - 8.3729 3.6465 9.2094
T 5.9411 - 9.5760 2.7976 T 6.7410 - 8.3080 3.1792
C 5.9411 22.1141 - 2.7976 C 6.7410 19.0763 - 3.1792
G 19.9782 7.4830 3.2404 - G 19.5271 8.3729 3.6465 -

Table 4. The NCBI blast result for the Aloe saudiarabica matK sequences (second primer).

No. Species name sequence (bp) Query cover  E-value Indent. Accession
1 Aloe saudiarabica 824 100% 0 100% MZ501484
2 Aloevera 824 100% 0 99.88% KX377524
3 Aloevera 824 100% 0 99.88% 1Q276402
4  Aloevera 823 100% 0 99.76% AY323726
5 Aloe compressa var. compressa 823 100% 0 99.51% AY323721
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Table 6. The NCBI blast result for the Aloe saudiarabica ITS1 sequences.

No. Species name sequence (bp)  Query cover  E-value Indent. Accession

1 Aloe saudiarabica 395 100% 0 100% MZ474878

2 Aloe retrospiciens 484 92% 0 98.63% KJ557911

3 Aloe dorotheae 364 92% 0 98.63% KI557867

4 Aloe camperi 364 92% 0 98.63% KJ557857

5  Aloe sinkatana 364 92% 0 98.63%  K(C893738
Aloe cher Aloa hloroplast, plet o T g 1
%wm";;gs%ggﬂﬁm;m- et GO e 1 Meanwhile, A. retrospiciens shown in table (6) was the

nos - first matched species in the gene bank by 98.63%. Figure

o tme mweo am o et () shows the irec of relatedness for this sequence with
WY g ATTICCTTTTTTCATTTATIGCGATICTTICTICATGATATCATARTTGTARTAGTC 80, neighboring species. Also, table (7) represents substitution
SUSTY Sl TTCTCATTACTCASAACAATCTATTTATSTITTTTCAMTGAMATAMASACTATTTC | 128, estimates for this sequence. A total tree distance of 0.01
Qusry 121, ASTTACTATACAATTCTTATGCTTTTGAATSTGAATTTITATTAGEELESEECSTAMS 180 was recorded between A. saudiarabica and its relatives.
SUSTY 133, ANTCTTATTATITACGATTAACATCTICTGCAACTTTTCTTGARCGAACCCATITCTATA 239 Aligned sequences of A. saudiarabica and the closest rela-
QoY 213, SMMTAGMCATCTICGANTAGMCATITTTTCSTASTATGTCSTAACTATITICATA 200, tive A. retrospiciens is shown in figure (7).
QUery 291 GAACTCOATGGTTCTICAAAATCCTTTCATGCATTATGTTCGATATCARASARAGSCAR 360 On the other side, the ITS2 primers (ITS S2F & ITS
QUSY 351, TTOTTOCTTCAAGIGGGACTCATTTTCTGATGAAGAAATGGAMTCCCATITTGTCAATT | 428, S3R) gave 375 bp sequence. Identification by BOLD
Qusry 431, TCTGGCAATATTATTTICGCTTTTGGTCTCGACCOTACAGAATICATATAAATCATITAT 438 produced Kumara haemanthifolia (formerly called A.
YTy 58%, CAMACTATTCCTTCTATITICTACOTTATITITCAASTCTACTARTRRATTCTTCORCE0 530, haemanthifolia) as the nearest species, with a score and
QS T TMCSMTCAMMTCTTAGAGANTICATTTCTARTGGATACCOTTACTAAGARATTTSAT £0% similarity percentage of 328 bp and 95.37%, respectively.
Qusry 591, CCATAGTCCCASTTATICTTCTTATTGARTCCTTGTCTAMAGCTAMTTTISTACCSTAT 60 A. dorotheae came in the third rank with a score and si-
Qusry 861, CAGCCATCCTATTAGTAAGCCGATCTGGGCTGATTTCTCAGATICTGATATTATIGATC 728 milarity percentage of 321 bp and 99.69%, respectively.
S 135s TSI COTATSTASATCTTICTCATTATCACASCEAATCC TCaazaazaches. 185 A. vera shown in table (8) was the nearest species in the

Query 781
Sbjcr 1938

Figure 5. Aloe saudiarabica (Query) Sequence alignment and Aloe

ATTTGTATCGAATAAAGTATATACTTCGACTTTCGTGTGCTAGA 824
........................................... 1895

vera (Subject) using matK gene sequence (second primers).

gene bank identification system with 99.73%. Figure (8)

Table 7. substitution estimates for ITS sequence.

(20)

(14)

(7) KJS57460.1 Aloa minima voucher Kiogpor AbDotd B4

“un

(10} KJIS5TB4B,1 Aloe ankoberensis yvoucher Grace 48

{2) KJS57911.1 Alos relrcspicions voucher Grace 163

(19)

{8) KISET022 1 Alos triehosantha vouchar Gracel 51

(1)

(18)

{3) KJS5TBOT.1 Alon doratheas voucher Grace202

{4) KJS5TE5T.1 Alos campari voucher Grace153

Figure 6. Phylogenetic tree of Aloe saudiarabica using ITS1

sequences.

an

{5) KCBG3T36.1 Aloe sinkatana voucher Grace 135

(18)

(8) KCBP3T46.1 Aloe vara voucher Grace220

151

a1y 1 Ao ii isolate PT710

(9) KJSSTETZ,1 Aloa NeUrSnINGIUM VOUCHor &G Miller D Long3459

From\To A T C G
A - 4.4566 8.7423 8.5029
T 4.7458 - 21.8625 9.0775
C 4.7458 11.1449 - 9.0775
G 4.4454 4.4566 8.7423 -
Aloe retrospiciens voucher Grace153 intemal transcribed spacer 1, partial sequence; 5.85 rbosomal RNA gene, complete sequence;
and intemal transeribed spacer 2, partial sequence
Sequence 1D KJ557911.1 Length: 667 Number of Matches: 1
Range 1: 304 fo 667
Score Expect Identities Gaps Strand Frame
671 bits(349) 000 350/364(99%) 0r364(0%) Plus/Plus
Ouerv 1 CGATACTTGGTGTGAATCGCASACTCCCGTRAACCATARAGTTTTTGAMCGCAAGTTENE 60
ShHCt 384 Leiianiiniiiinns | O T S Corrrrnnnsnnnnnsinns ¢ 33
Query 61 CCCGAGRCCACCCGECCGAGGGCACGCCTRCTBOGCGTCACGCCTCALATCRLTECECC 128
SBICE IBE i e e 423
Query 121 TACCTCGCCCTGAGCACCCCGTGCTCTTATGGCGGCGGGCGAC6GATGCGEAGATTGGCC 180
SHICE 428 1vvvunsrererrnnrrrrrnnnniirrrrranarsrrnnnssrennnsrrrerennnns 483
Query 181 (TCCGTGCCTTGOGATRCGGTERETCEAAGTETCBETCGCCGGCCGRGCTTGECACEETE 248
L S 543
very 241 AGTGOTGEACGGACTAGCTCCCEAGCECCORACOCCATEAAARACCATCCCEATOCRG 300
LT I 643
Query 381 TACATGACAGAGATGATAAGAACCCACACCRAAGOGUGCAGCOCOCCATOGRATCOMRAC 368
LT ST T 663
Query 361 CCCA 364
Shict 664 ... 667
Figure 7. Aloe saudiarabica (Query) Sequence alignment and Aloe
vera (Subject) using ITS1 sequence.

Table 8. The NCBI blast result for the Aloe saudiarabica 1TS2 sequences.

No. Species name sequence (bp) Query cover  E-value Indent. Accession
1 Aloe saudiarabica 375 100% 0 100% MZ474879
2 Aloe vera 366 97% 0 99.73% MN519271
3 Aloe vera 365 97% 0 99.45% MKO087867
4 Aloe nyeriensis 366 97% 0 98.91% MT137508
5 Aloe kedongensis 366 97% 0 98.63% MT137515
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{1} MZA74878 Alos saudiarabicn

(15)

(9) KISETD11.1 Aloe relrespicions veue shor Graee 163
(13) {10) KJSSTBET.1 Alos dorotheas vousher Grace202
(16)
1z
{11) KUS5TB57.1 Aloa campari voucher Grace153
17y
1 Alos vers AP Lot 147

(18)

{2} MNS18271.1 Aloe vern voucher BO70S

(20}

MTI37508.1 Alse nysrensis vouchor NMICEA 13814

5) MT137515.1 Alos kedongensis voucher NMICEA 13842

1.1 Alos isciate ALTOZ

(143

1 Aloe imciate ALTO1

(19)

{7} MT137508.1 Aloe volkensi vouchor NMK:EA 13618

Figure 8. Phylogenetic tree of Aloe saudiarabica using ITS2
sequences.

Table 9. substitution estimates for ITS2 sequence.

From\To A T C G
A - 2.7596 5.8555 6.3442
T 3.1281 - 37.0835 6.2056
C 3.1281 17.4768 - 6.2056
G 3.1980 2.7596 5.8555 -

shows the tree of relatedness for this sequence with neigh-
boring species. Also, table (9) represents substitution esti-
mates for this sequence. A total tree distance of 0.01 was
recorded between A. saudiarabica and its relatives. Alig-
ned sequences of A. saudiarabica and the closest relative
A. vera is shown in Figure (9).

Table 10 presents a compilation of the most closely re-
lated species to 4. saudiarabica, as determined by the two
techniques of identification applied. Each matK sequence
(obtained from each pair of primers) was aligned and com-
bined into a single piece of approximately 784 base pairs in
length, as shown in Figure 10. The same was done concer-
ning the ITS sequences which also aligned into one piece
of about 335 bp (Figure 11). With the utilization of both
identification methods and by comparing the last matK
sequence, 4. vera was found to be the nearest relative to
A. saudiarabica, displaying a high degree of similarity at
over 99%. Furthermore, ITS revealed a high similarity of
greater than 99% between A. saudiarabica and A. vera in
GenBank.

Using BOLD platform, 4. dorotheae was identified as
the most similar species to 4. saudiarabica with a similari-
ty of over 99%, followed by various other species of Aloe.
With an equivalent level of similarity, A. vera was ranked
as the 24th most similar species. In all these species, the

Aloe vera voucher B0709 5.85 ribosomal RNA gene, partial sequence; intemnal franscribed spacer 2, complete sequence; and large
subunit ibosomal RNA gene, partial sequence

Sequence ID: MN519271.1 Length: 480 Number of Matches: 1
Range 1: 220 367

Score Expect  Identities Gaps strand Frame
689 bits(358) 0.00) 365/366(39%) 11366(0%) Plus/Plus

Muerv 11 GAGTTTTTGA-CGCAAGTTGCGCCCGAGGCCACCCGACCGAGGBCACGCCTACCTGAE6CG 69
Shjct 22 Liiaaaa A e iR
Query 78  TCACGCCTCGCGTCGCTCCGCCTACCTCGCCCTGAGCACCCCGTGCTCTTATGRCGGEGE 129
L5 U PPN 141
Query 138 GCGECGGATBCGGAGATTEGCCCTCCOTBCCTTGLGETGCOGTRAGTCGAAGTETCGETC 189
o S 20l
Query 198 GCCGGCCEOGCTTOGCACHGTGAGTGETBAACGEACTAGCTCCCGAGLGCCGEACGCLAT 249
B 1 S 261
Query 258 GAAAAACCATCCCGATGCCGGGTACATGACAGAGATGATAAGAACCCACACCGAAGGECD 389
e 1 S Eral
Qger 318 CAGCGCGCCATCGOATCGCGACCCCAGGTCAGGCGEEAACACCCGCTEAGTTTAAGCATA 369
B S 381

Query 378 TCAATA 375
Sbjct 382 ... 387

Figure 9. Aloe saudiarabica (Query) Sequence alignment and Aloe
vera (Subject) using ITS2 sequence.

Sequence ID: Query_38777 Length: 824 Number of Matches: 1
Range 1: 1 to 784

Strand Frame

Identities
782/TBT(99%)

Score Expect

1423 bits(770) 0.0()

Gaps
4/TBT(0%)

Plus/Plus

Query 42  ATGTTCCTTTTTTGCATTTATTGCGATTCTTTCTTCATGAATATCATAATTGTAATAGTC 181
Sbjct 1 E)
161

Query 102
61 12e

sbict
Query 162
Sbjct 121

221
180

Query 233
Sbjct 181

281
240

Query 282
Sbjct za1

341
300

Query 342 481
Sbjct 3e1 360
Query 482 461
Sbjct 361 a2e
Query 462
sbjct 421

521
480

581
548

Query 522
Sbjct 281

Query 582
Sbject 541

641
CEE)

Query 642

7ol
Sbjct 601 660

Duerwv  7@2
sbjct 661

CAGGCCATCCTATTAGTAAGCCGATCTGEGCCGATTTCTCAGATTCTGATATTATTGATC 761
............................... P 1]

Duerw 762 GATTTGGTC-GATATGTAGAAATCTTTCTCATTATCACAGCGGATCCTCasaaaaanCAA 820

Sbjct 721 ......... = 778
Ouerv 821 GGGALTt 8§27
sbjct 779 ..-.... 784

Figure 10. Aloe saudiarabica sequence alignment using both matK
primers.

Sequence ID: Query_439893 Length: 375 Number of Matches: 1
Range 1: 10 to 344

Score Expect Identities Gaps Strand Frame
603 bits(326) 4e-177() 333/336(99%) 2/336(0%) Plus/Plus

Ouerv 38  GGAGTTTTTGAACGCAAGT TGGGCCCGAGGCCACCCGGLCOAGGGCACGLCTELCTGGGE 97
sbjct 10 .......... s et ettt e 68
Query 98  GTCACGCCTCGCGTCGCTCCGCCTACCTCGCCCTGAGCACCCCGTGCTCTTATGRCGOCG 157
5 S 128
Query 158 GGCGGCGGATGCGGAGATTGGCCCTCCATGLLTTOCOETGLGETOOETCGAAGTGTCGET 217
ShICE 129 e e 188
Query 218 CGCCOECCOEGECTTGOCACGGTGAGTGATGGACGGACTAGCTCCCOAGCGCCORACGCCG 277
L0 o o 248
Query 278 TGAAAAACCATCCCGATGCCGGGTACATGACAGAGATGATAAGAACCCACACCEAAGGGE 337
ShICt 249 o e i e 308
Ouerv 338 GCAGCGCGCCATCGGATCGCGACCCCAG-TCAGGCG 372

Sbjct 309 ....iiiiiiiiiiiiiiiie Govrvnnn 344

Figure 11. Aloe saudiarabica sequence alignment using both ITS pri-
mers.

highest length of the sequence recorded was 321 bp for the
first species and 309 bp for 4. vera.

Table 10. A brief overview of the species that are most similar to Aloe saudiarabica as identified by BOLD and GenBank.

matK (first primers) matK (second primers) ITS1 ITS2
GenBank Aloe vera Aloe vera Aloe retrospiciens Aloe vera
BOLD Aloe vera Aloe vera Aloe vera Aloe haemanthifolia
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Discussion

The presence and distribution of rare plant species hold
paramount significance in preserving the biodiversity of
an ecosystem. A systematic documentation of these spe-
cies can provide crucial information to direct conservation
efforts, determine the priority of species and habitats that
require protection, and advance our comprehension of
plant evolution, ecology, and systematic studies (16,17).
The best approach to plant identification and documenta-
tion is to explore some of the plant's unique genetic mar-
kers. One of the most famous genetic markers on which
multiple studies have been conducted is the plastid genes
(rbcL and matK). The matK previously showed better evi-
dence than its predecessor, rbcL, since it contains more
diverse regions (18, 19). In addition, the trend has recently
become more directed towards the sequences of ITS also
because they contain distinctive regions and are useful for
distinguishing between plants (20). Accordingly, and due
to the importance of documenting rare plants, this study
was designed to explore some genetic markers to distin-
guish A. saudiarabica plant. The study, which is conside-
red the first of its kind to document this rare plant, included
exploration of the genes of #bcL and matK along with the
sequences of ITS. The current study showed the weakness
of the possibility of using only rbcL as a genetic marker
for A. saudiarabica plant under study. Perhaps one of the
reasons why DNA amplification did not work here was
the lack of more specialized primers. However, it has been
established that utilizing the rbcL gene as the sole criterion
for distinguishing between plant species is inadequate (21).
On the other hand, the rest of the genetic markers explored
showed good results, as they fully confirmed the identifi-
cation at the plant genus level. These tags included matK
and ITS including each pair of primers used. And through
the different databases that were used, the sequences of
these markers showed that the plant under study is of the
genus Aloe. In many other recent studies, in which these
markers were also used, and through which the ability of
these markers to distinguish between plant species appea-
red with high efficiency (22, 23). The results of the explo-
ration through the matK genetic marker and using different
primers showed that the identification was successful, as
the genus Aloe, and especially the 4. vera species, was the
closest, perhaps, to the availability of the total identifica-
tion of the genome of this plant. Confirmation, on the other
hand, only one sequence of the marK was got as a superpo-
sition of the two sequences obtained through primer pairs.
By comparing this last superimposed sequence, which
certainly contains the common part between the two origi-
nal sequences, the same results appeared in the definition
process. In this way, the efficiency of matK was confirmed
as a successful marker for distinguishing 4. saudiarabica
plant. This is fully supported by the fact that the mazK gene
always contains regions of divergence in sequences that
are characteristic of different species of plants (24, 25).
On the other hand, the exploration of the sequences of the
ITS2 region obtained with the pairs of primers for ITS2,
whether original or the last superimposed, showed good
results, as it succeeded in detecting the plant completely.
The strength of these sequences and their containment of
many areas of difference appeared here, as the 4. species
closest to A. saudiarabica here had some more diversity

than its predecessor in the case of matK gene. Also, the re-
sults showed that the pairs of primers ITS1 were not suffi-
ciently specific like ITS2, which often in the first attempts
do not give good results, while the trend here is the latest
and closest to use and distinguish plant species is through
the regions of ITS2 (26, 27). In conclusion, it can be said
that among the genetic markers on which the study was
conducted, the efficiency of the matK and ITS2 sequences
appeared to distinguish A. saudiarabica plant, and there-
fore the study recommends using them to document this
rare plant. The study also recommends an exploration of
the sequences of rbcL and ITS1, but with more specialized
designed primers. Finally, this study is considered the first
of its kind in attempts to explore the distinctive genetic
markers of 4. saudiarabica plant and showed promising
results in this regard.

Conflict of Interest
The author declares that there is no conflict of interest.

References

1. Osman AK, Abdein MA. Floristic diversity of Wadi Ar'ar, Saudi
Arabia. J Taibah Univ Sci 2019; 13(1):772-89.

2. Algarni AA. Molecular identification and phylogenetic analysis of
Aloe shadensis from Saudi Arabia based on matK, rbcL and ITS
DNA barcode sequence. Saudi J Biol Sci 2022; 29(2):1125-33.

3. Das A, Haque SM, Ghosh B, Nandagopal K, Jha TB. Morpho-
logical and Genetic Characterization of Micropropagated Field
Grown Plants of Aloe vera L. Plant Tissue Cult Biotechnol 2015;
25(2):231-46.

4. Jaiswal SK, Mahajan S, Chakraborty A, Kumar S, Sharma VK.
The genome sequence of Aloe vera reveals adaptive evolution of
drought tolerance mechanisms. Iscience 2021; 24(2):102079.

5. McCoy TA, Aloe saudiarabica. Excelsa 2017; 21(6).

Carter S, Lavranos JJ, Newton LE, Walker CC. Aloes—The defini-
tive guide. Kew Publishing in association with the British Cactus
and Succulent Society 2011; 1-702.

7.  Altermatt F, Little CJ, Méachler E, Wang S, Zhang X, Black-
man RC. Uncovering the complete biodiversity structure in
spatial networks: the example of riverine systems. Oikos 2020;
129(5):607-18.

8. Schmid-Egger C, Straka J, Ljubomirov T, Blagoev GA, Moriniére
J, Schmidt S. DNA barcodes identify 99 per cent of apoid wasp
species (Hymenoptera: Ampulicidae, Crabronidae, Sphecidae)
from the Western Palearctic. Mol Ecol Resour 2019; 19(2):476-
84.

9. DeSalle R, Goldstein P. Review and interpretation of trends in
DNA barcoding. Front Ecol Evol 2019; 7:302.

10. Nitta JH, Chambers SM. Identifying cryptic fern gameto-
phytes using DNA barcoding: A review. Appl Plant Sci 2022;
10(2):e11465.

11. Zhu S, Liu Q, Qiu S, Dai J, Gao X. DNA barcoding: an efficient
technology to authenticate plant species of traditional Chinese
medicine and recent advances. Chin. Med 2022; 17(1):1-7.

12. YulJ, Wu X, Liu C, Newmaster S, Ragupathy S, Kress WJ. Pro-
gress in the use of DNA barcodes in the identification and clas-
sification of medicinal plants. Ecotoxicol Environ Saf 2021;
208:111691.

13. Jamdade R, Mosa KA, El-Keblawy A, Al Shaer K, Al Harthi E,
Al Sallani M, Al Jasmi M, Gairola S, Shabana H, Mahmoud T.
DNA barcodes for accurate identification of selected medicinal
plants (Caryophyllales): Toward barcoding flowering plants of the
United Arab Emirates. Diversity 2022; 14(4):262.

131



Awad A Algarni / Comparing DNA barcoding markers for A. saudiarabica, 2023, 69(2): 126-132

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gesto-Borroto R, Medina-Jiménez K, Lorence A, Villarreal ML.
Application of DNA barcoding for quality control of herbal drugs
and their phytopharmaceuticals. Rev Bras Farmacogn 2021;
31(2):127-41.

Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary
genetics analysis version 7.0 for bigger datasets. Mol Biol Evol
2016; 33(7):1870-4.

Silcock JL, Simmons CL, Monks L, Dillon R, Reiter N, Jusaitis
M, Vesk PA, Byrne M, Coates DJ. Threatened plant translocation
in Australia: a review. Biol Conserv 2019; 236:211-22.

Zaman W, Shah SN, Ullah F, Ayaz A, Ahmad M, Ali A. Systema-
tic approach to the correct identification of Asplenium dalhousiae
(Aspleniaceae) with their medicinal uses. Microsc Res Tech 2019;
82(4):459-65.

Ismail M, Ahmad A, Nadeem M, Javed MA, Khan SH, Khawaish
I, Sthanadar AA, Qari SH, Alghanem SM, Khan KA, Khan MF.
Development of DNA barcodes for selected Acacia species
by using rbcL and matK DNA markers. Saudi J Bio Sci 2020;
27(12):3735-42.

Cahyaningsih R, Compton LJ, Rahayu S, Magos Brehm J, Max-
ted N. DNA barcoding medicinal plant species from Indonesia.
Plants 2022; 11(10):1375.

Kress WIJ. Plant DNA barcodes: Applications today and in the
future. J. Syst. Evol 2017; 55(4):291-307.

Kang Y, Deng Z, Zang R, Long W. DNA barcoding analysis and
phylogenetic relationships of tree species in tropical cloud forests.
Sci Rep 2017; 7:1-9.

Shneyer VS, Rodionov AV. Plant DNA barcodes. Biol Bull Rev
2019; 9(4):295-300.

Pham NT, Le DP, Pham KT, Thipphavong X, Chu MH. DNA

24.

25.

26.

27.

28.

29.

30.

31.

barcode of matK combined with ITS effectively distinguishes the
medicinal plant Stephania brachyandra Diels collected in Laocali,
Vietnam. J Appl Biol Biotechnol 2021; 9(6):63-70.

Chen Y, Zhu X, Loukopoulos P, Weston LA, Albrecht DE, Quinn
JC. Genotypic identification of Panicum spp. in New South Wa-
les, Australia using DNA barcoding. Sci Rep 2021; 11(1):16055.
Alaklabi A, Ahamed A, Al Qthanin RN, Arif IA, Panneerselvam
A, Al-Khulaidi AW. Molecular characterization of endangered
endemic plant Aloe pseudorubroviolacea using chloroplast matK
and plastid rbcL gene. Saudi J Biol Sci 2021; 28(1):1123-7.
Tarmizi AA, Wagiran A, Mohd Salleh F, Chua LS, Abdullah FI,
Hasham R, Binte Mostafiz S. Integrated approach for species
identification and quality analysis for Labisia pumila using DNA
barcoding and HPLC. Plants 2021; 10(4):717.

Wang X, Xue J, Zhang Y, Xie H, Wang Y, Weng W, Kang Y, Huang
J. DNA barcodes for the identification of Stephania (Menisperma-
ceace) species. Mol Biol Rep 2020; 47:2197-203.

Qian R, Ye Y, Hu Q, Ma X, Zheng J. Complete Chloroplast Ge-
nome of Gladiolus gandavensis (Gladiolus) and Genetic Evolutio-
nary Analysis. Genes. 2022; 13(9):1599.

Jantzen JR, Whitten WM, Neubig KM, Majure LC, Soltis DE, Sol-
tis PS. Effects of taxon sampling and tree reconstruction methods
on phylodiversity metrics. Ecol Evol 2019; 9(17):9479-99.

Liu SY, Kumara TP, Hsu CH. Genetic identification and hybridi-
zation in the seagrass genus Halophila (Hydrocharitaceae) in Sri
Lankan waters. Peer] 2020; 8:¢10027.

Kim CW, Sung JH, Kwon JE, Ryu HY, Song KS, Lee JK, Lee SR,
Kang SC. Toxicological evaluation of saposhnikoviae radix wa-
ter extract and its antihyperuricemic potential. Toxicol res 2019;
35:371-87.

132



