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ABSTRACT

Phylogenetic and molecular perspective of plant identification can reveal the plant composition of areas. Many new species
have been identified based on morphological characters in different area of Kurdistan, but few have been identified through
DNA barcoding method. In this study, Internal transcribed spacers 1 and 2 (ITS1 and ITS2) were used to identify some species
in Ashdagh Mountain. The identified taxa were belonged to different families and clades and not recorded in any studies. The
nucleotide sequences of identified species were 98-100% identical with species in the genebank database. The phylogenetic
analysis showed diversity in phylogenetic relationships among coexisting species. In addition, the existing of Chara sp. in the
acidic stream of Awa spi is a new record and not observed before. The finding of this study show the importance of using
molecular and phylogenetic technique to identify and understand phylogenetic relationship among coexisting species

because Kurdistan is a hot spot and need more emphasis. In addition, new species occurrence data has been added to flora of

Kurdistan.
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1.

Molecular based species classification is considered
an accurate method to identify species (Almerekova et
al., 2020; Li et al., 2015). It has ability to tease out the
intraspecific variation among more morphologically
resemble species (Alvarez & Wendel, 2003). In
addition, looking at the genetic sequences will help to
understand how species evolve (i.e. convergent or
divergent evolutions) (Ray, 2014). Recently, the
taxonomic placement of many species have been
changed after doing molecular analyses for them. The
use of molecular data enables taxonomists to classify
species at species level using DNA barcoding (short
DNA sequence)(Hebert, Cywinska, Ball, & deWaard,
2003). Internal transcribed spacers 1 and 2 (ITS1 and
ITS2) are part of ribosomal DNA. They are consider
DNA markers
identification (Cheng et al., 2015; Li et al., 2015; Mishra

important in molecular plant
et al., 2016; Qin et al., 2017). ITS regions are part of
rDNA (ribosomal DNA) and existing between 185

and 28S genes. They have high evolution rates and

Introduction
easy to amplify in the lab (Coleman, 2007). These
characteristics enable the taxonomists to use them to
identify the species within and among taxa and
species  (Hebert et al, 2003;
Hollingsworth, Graham, & Little, 2011). In the

endangered

phylogenetic analysis, the use of ITS sequences will
tell us the accurate placement of species along
phylogenetic tree of coexisting species in certain area
(Zhu et al., 2018).

In Kurdistan, most of the classification studies were
done based on morphological characteristics. So,
incorporating of molecular phylogeny using DNA
barcoding into species identification and classification
processes will help identify and classify species more
accurately than relying only on morphological
identification (Nilsson et al., 2008; Yao et al., 2010).

The aim of this study is to do molecular identification
for some species in the Sangaw area, Kurdistan.
Results of this study will serve as a field guide for

researchers to do more taxonomical, ecological and
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physiological studies on plant composition structure
since there are limited or no floral classification
studies done in this area. Especially, the area
characterized by distinct geological and geographical
characteristics which make it more suitable for high

floral diversity (Saman ef al., 2013; Sami ef al., 2019).

2. MATERIAL AND METHODS

2.1 Study area and sample collection

Sangaw is a subdistrict of Chamchamal district and it
located in the northeastern part of Iraq (35.2851° N,
45.1799" E), about 35 km from southwest of Sulaimani
city and 6 km west of Qara Dagh. More specifically,
west of Sagerma Mountain. The region characterized
by distinct geological structures (Kharajiany, 2013). A
total of 18 taxa, representing 17 plant species and one
algal species (Table 2), were collected from different
locations on Ashdagh mountain, while the algal
sample was collected from downstream of Awaspi
river. The stream is an acidic stream, and it running
through Darzilla village, Sangaw. The samples were
collected on February 2-5, 2021. The leaves samples
(n=10 leaves/plant) were stored in a zipper bag and
transferred to the lab for molecular analysis

(Polymerase chain reaction).

2.2 DNA extraction, amplification, and sequencing

AddPrep Genomic DNA Extraction Kit was used to
extract the total genomic DNA. Two universal nuclear
regions named internal transcribed spacers 1 and 2
(ITS1 and ITS2) primers were used to identify the
unknown species and do phylogenetic analysis. These
two primers are widely used in plant phylogenetic
studies due to their ability to teasing out the intra-
variation

and  interspecific

(Almerekova et al., 2020; Li et al., 2015). Primers used

among  species
in this study are listed in Table 1.

In the standard PCR, each reaction contained
(MyTaqTM HS Mix-Bioline, USA) master mix (10 pL)
10 pmol of each primer and 20ng template DNA in a

final volume of 20uL. PCR was performed using a

three-step cycling protocol: initial denaturation
(95°C/5 min) 1 cycle; [(denaturation (95°C/ 30sec),
annealing (57°C/ 30 sec) (extension 72°C/ 30 sec) 40
cycle] and final extension (72°C/5) 1 cycle (Bio-Rad
C1000 Thermal Cycler, USA). The PCR products
were analyzed in 1% agarose gel (Only 1g of agarose
was dissolved in 100 mL (1X TAE buffer) TAE: Tris-
acetate  EDTA) stained with Ethidium bromide
(Figure 2).

Table 1. Universal plant ITS primers (Cheng et al., 2015)
used in this study.

DNA Sequences (5'-3")

markers  Forward primers

ITS1 GGAAGKARAAGTCGTAACAAGG

ITS2 CAWCGATGAAGAACGYAGC
Reverse primers

ITS1 GCGTTCAAAGAYTCGATGRTTC

ITS2 RGTTTCTTTTCCTCCGCTTA

2.3 Blast, sequence alignment, and phylogenetic tree

Forward and reverse sequences of internal
transcribed spacers regions per species have been
edited and combined using Bioedit software (Hall,
1999). Nucleotide blast (Blastn) function in NCBI
(National Center for Biotechnology Information)
database was used to identify each species.
Identification of species was based upon blast (%
identity) and distance tree (fast minimum evolution
and neighbor-joining) in NCBI online database.
Sequences were aligned using the ClustalW function
in Bioedit with some manual adjustments (Figure 2).
The length of the combined regions (ITS1 and ITS2)
included 1430 base pairs. Mega X (Kumar et al., 2018)
was used to build Neighbor-Joining (N]) tree. The use
of both ITS1 and ITS2 in the phylogenetic analysis
will provide better understanding of phylogenetic
relationship among coexisting species (Qin et al.,
2017). The algal species (Chara sp.) was selected as an
outgroup.

3. RESULTS

The PCR analysis showed clear band of 18 samples
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(Table 2), with a band of 300-500bp corresponding to eudicots
. 12.  Haplophyllum sp.  Rutaceae Rosids

the amplification of the forward and revers ITS1 and 13. Verbascum sp. Scrophulariaceae _ Asterids

ITS2 sequences. The nucleotide sequences of 14.  Thymbra sp. Lamiaceae Asterids
15.  Chara sp. Characeae Charophyta

identified species were 98-100% identical with species

in the genebank database. While, other taxa showed » m  ®» e % & n w & m

SN TR TR TN EUUUUS VOO RS FUUS UUUOY DUUOY IO DUUN ROVt DUUR EUUUUN DURSE SRS RUO IDUUON DOt
low identical percentage (<90%) with other species of — B B s oo e s

Reseda anc (GAGAACAAG TATTG-TGAT GGGRABCCS GCAGGGCTCT GTACG-GACT GTCGGTTTCC GATGICTGCS GAGGCGIGEG AGAA--TCC CTABTTTRC
Alcea sp.  GATATCCA-C TATT -‘ul’G-\ GOGGETEAGE ATGCATCTTT GOCCOCAACC COCTCGTTGC CTAGGTGTGC TTGBCCTTTC CTCATTOGTT CTTBGGIGH
Alcea pall GATATCAMAC AATTGAATGA GRGGGTGAGE ATGCATCTTT GOCCCAMACC COCTOGTTGL CTAGGTGTGL TTGRCCTTTC CTCATTCGTT CTTGGG0GH

same taxa in the database and marked as "sp.". The

identified taxon have belonged to 12 families, and Euphorhia CGTGAACGTG TTTGTALKCE GARGRCHS CSCHGGATTC GTCCAGIGTC GRCCCTCCA GOBGCCOG G GOBMGORTE COBRTG0 — —— GRGCTCY
(Onobrychis
Tencrim p -~ TGTTTA- -0~ -AATICG-— G- 65 055 CGABBGRRCT TGOCCOCT- -TORCTTGE CCAMCCOUR:

most Of them are members Of the IOSIdS Clade (Table Thynbra sp AGTGACCTGC GGAGITCATY GTCGAACTTG CAAGEAGACC GOGAACACGT GTTTTACCAC TTCRGGGCAG TGGTAMGGGE GOGACCCTCT TCCHTGTCCE

. e Verbasom ACCTG COGAOGACAT T--—GTC -~~~ BAAC CTGCAABCAT ACCBOGACT CGTGTTTTTA ACTATTTTOR BAGCCTOGEC CCCCTCOCLC
2)- The sequence ahgnments showed SIgmflcant Yanthim 5 M G- GCTTACGTTT CBAGOCTIGT GAGROCTT-G TTGRUGTGG TITATGITTG CACTATACAT
(nopordm_ CGTGAACACG TAATCACAAC CSGGCGTCOE GSGGATCRS- CTOTGNBCCT GETRCCE GC GTGCTCE G TOGGRTGO3 TGCAAGET G CCLCTT (L
variation in the base pairs among species (Figure 2)_ Tabilicns  AGT-ACCTG GGABL-CATT GTCGAACCTE ACAGOGUACE GRCCANTITT GTTY-ACCHG GTABTCTCGS GRLTCCCTCR GRCTCOCCTT CRCTCNCN
Glancim £ AACBAC COBCBAACAC GTCAMTCCAC GCCGBRGAC GCTCCBRAG0 GBOBGAGAE ATCTCCOCCD CTCBGORCTT COC -sOBGC
Chara sp.  AGTACTGOGG AGACATTGTC GATCCTRCCT AGCARACGAC CCBCBAACAT GITTTCCOGT COGGGTACTC TCCGGABHEG BGACTTCTCT BOCCTTCTTT

The existing of such variation is due to that ITS

regions are not conserved and its subjected serial of S o T R ST

Linum maer  ATTTGCTCE- -GTCCTAGTG TCCTTGCCTT COCACACAAR CT--RACAAT COCCOGACGC GGCRTGLGTC AAGERATACT TCG---AGCG AACGTC--GC
Baplophyll AACTCGTG-- - AARATCAC CORGGARGCE GRGGOCCTCG TGCCCCCTC COCCCAACCE G0 (LT (5 AGCCCTTIGT
Reseda ane CT--GGUGS- -GARCCCCTCR CBCTG TRAGCAGGA AC--AACARL COCCOGACGC GTTRAGOGTC AAGGAACTGA AAAGCAMGCG RACGCGOCAT
Alcea 5. GTGL- -ARTTATTTG TCTTGTTGCA CTCATGTTAR AT-GRAC-AL COCCOGGCCC GRACTGCGTC CAGGAATTAA ARATGAATAG AGTGCACGTC
Alcea pall GTGL- -GATTATAGG TCTTGTTGCA CTCAGGTAAL AT-GRAC-AR COCCOGBUGE GIATTGIGTC AAGBAATTAL ARATGAAMAG ABTGCACGTC

addition and deletion of base pairs.

Enphorbia  GC--CTTGC- -CCCTTCACC CA--CCGT COGTGBCCTC CT--AACAAL ACCCCGSCG (GTACGOGCE AMGGAATTGC MAACGALAAG ACCBIATGLC
Onobrychis
A P~ Tencrim p AGHGAACTGG CCCTOGCCCE T-CTG0C-T GRCGRARTT AAC-AR ATTOGGOCCC GAAMGGICCC AAGBATAATT CAAMG--G ACCBTC (L
T " — 0 — L Thysbra sp GTCTCCCGIC GRCGTGTATC COCTBGTCAC GTCGTGLGGS CT--AMCGAL C-CCOGGCGE GRARTGCACT GAGGAARACC AAACT-——-A AGCGTTOCCC
Verbasomn  6C-—-ALG-- -GCGT-GCGC ACGAGCGACC GTCGTGUGTE CT--AACGAA CCCCCGRGC GECATGIGC TAGBAAMACT CAMCG-——A AGCGCCTCCC
Yanthim s GT (6 GGCA-TCATG GATTT-CACG TTGACACACT ----AACAAR COCCCGGCAC GGTACGTGCC AAGGAARACT AAACTTA--A AGGSCCCGTG
Onopordm_ (% GGCA-TCGTG TGC6T-CCC6 TOGTCACCGE ——-AACAAR C-COCGRCAD GGCATGTGCC AMGEAARACA ARACTTAAGE AGGRGIGTC
Unbilicns  CCATGCCGSC CGGACCCETG CECCTCTCTT TOCTTGUGG T--AACGGC —-COCGCGT GGATTGOGC- GAGBAAT CTTOCAC GACGCGTTIG

Glancim  (G--COCGE- -GCTCTGOCT TGCCTGCGCC CORACGRAAL AR--ACGAAC COCACGBCGL GGACCGOGCT ARGRAAC--- ARACARAAGE AGMGGGOGIG
Chara sp.  GTG--CC0G- -GGTGATOGE CETGGGTGCC GTCTOGRCCA T6--ACCRAR COCCOGRUGC ACGRRGICTC CTAARAC -~ -ACTTTAAGC AGGSTCOGCG

um m 0 u 280 20 m FL) pLil m
JUN RN (RN Y PP VU DR PRV POV DUV EUUUOY DUURN ESVOUY DRUY EPUPDY DUUSE IRV (SURN (DUURY POOY

Linm mer  GCCT---T6T GOCCERT-CA CHITGCATTG GECHA06 (G TTCACCAC ATAX-——-TT TACTATAACG ACTCTCGGCA ACGEATATCT
Haplophyll CTTT---G6T CTCCOC---T TC CGTCAAR -----TTTAL TAATTARRAC TTTCGCCCGE AC KTCTCT
Reseda anc (06T GCCCOG-—-T TCTCB666- --TGOGGTGE COGCGATGC TOTCT T-CGAATGAC - ACARACG ACTCTCGGCA ACGEATATCT
Alcea sp.  TACTGTCATC GTCCOGTAAG CCATG---TT TETGTGRCAG TGACGCTGTT ACTTTTGICE T (AR ATACAABACG ACTCTCGGCA ACGBATATCT
Alcea pall TACTGTCATC GTCCOGTATG CHGTG---TT TETGTGECAS TGACGCTTT ACTTTTSTCG T GAL ATACAAAACG ACTCTCEGCA ACGBATATCT
Erphorbia  OCGT----6C GCCOOGGATA CEGTGABCGL G-—-T66 GTTGC6 TGCOG-CT TTGA-—-GAR A--CAARACG ACTCTCGGCA ACGGATATCT
Onobrychis
Temcrim p (CGCCCC--A CCCCORTOCC CBAA-—-CC 6

B - -

- " gy B —

Figure 1: Agarose electrophoresis image, showing the PCR

TTG G5-ACGAACC GRAGGCCCTT C TTA AACCAAAACK ACCCTGOGCA ACGARATTTT

results for the collected species of ITS1 and ITS2 regions Tiymbra sp CCTOCE-~ - CECTORE CBRCBLET- -GETGB000L TCBG0G— ———-TCCAT €A TOTCATAMCE ACTCTCSGCA ACGRATATAT
: Verbascm_ CCTCTAT-—- GLOCOGTTOR OBGTGTECTC GACG-—Gok CABTGEG-—— ————-TCICT T-———GA TGTCATAADG ACACTIGGEN ACGBATATEY
at 300-500 bp PCR prOduCt size. (A) Forward and reverse Yanthim s C---TATTGC GCCCOGCTCG CHGTGTGOGC -TTTGTACGT ---GGCA T C TAL ACTAATAACG ACTCTCGGCA ACGGATATCT

sequence of ITS1. (B) Forward and reverse sequence of Onopordm_ TCGTGTT-- GECCOTTOG CAFTGTGGE -ACGRG0RT - 6T 0 CATTA AOCATARACG ACTCTOGGCA ACGRATATCT
Unbilices ——-GCT-—- CTACGGCT-C GRATICCOGT TOCABGAOKE -—-TGCAT-- -—-TGCTT C-———-GTT ATCCTARACG ACTCTCONS ATGGAATCTT
ITS2. Lane M: Marker 100bp. Glaneiem £ 7067 CCOORPTCTC COBACTARE GOCHRCOT (605 —COATOOGA T CPTTIGAACG ACTCTCSCCA ACGGATATCT
Table 2. List of the identified species in this study with Chara sp.  CCATOMCTT CCTGAGOCAT CEATACCTTG AAOTCAC 67— G00KC- —-CBAGRCTT T6CCGAB6C ACGOCCECC- -TGABCATCH
their family names and clades. 0 ki) %0 u %0 % m 30 0 w
JU Y R DR R DU EUSURE DU EUUON BN BN (R P PRV EUUN DUV ISR FUUR U (O
- - Linm mer OGGCTCTCRE ATCGATGALG ARCGTAGOGA AMTGCRATAC TTGGTGTGAL TIGCAG-AAT COCGTGAACE ATC
No. Speaes Family Cla('ie HaplopiyLl  TGRGTCTTET AMCOATARAG AMCGETCEOG GOTGRCOCAT TCACTETGUA TIGONG-AAT TGUGTOR-CC TICTTTCT
1. Linum Rosids Reseda anc OCGCTCTCSC ATCGATGAAG AMCCTAGOGA AATGCRATAC TTGGTOTGAL TIGUAC ART COUTGAATC ATCGAA GORTAC
mucronatum Linaceae Aloea sp.  CORCTCTONC ATCGATOAAG AMCGTAROGA AATEOGATAC TIGETOIOAL TOGCAS-AT COCOTOAATE ATORL GTA
o - Hloea pall COOCTCTON ATCCATGAAD AACGTAROGH AATOGATAL TIGHTTGAR TTGUAG-AAT OCGTGRATC ATOBM ACGTAC
2. Onobrychis Rosids Euphorbia_ CBRCTCTCAC ATOGTGAAG AACGCAGOGA AATGOGATAL TTGRTGTGN. TTGCAGGAT COCBIGAATC ATOBAATCE? TGUBTICTTC ATCROSTAAC
ptolemaica Fabaceae nabrychis
: - Tencrim p GUGCTCIGOC ACCOTTALAA AMCTACOGA ATTGCATAC TGGETGTGAA TIGOM-AAC CODBTGAACE ADCBTIEC
3. Xunthlum Asterids Thyubra sp OGGCTCTOGC ATCGATCUAA AMOGTAROGA ARTOOGATAL TIGETCTGHA TIGCATIAAT COBTGRATC ATCEAATC TITIGMT
strumarium Asteraceae Verbascm_ AGCTCTAGC ACAGATGAAR ARCGTAROGA AATGOGATAC TIGGTGTGAR TTGCAG-ART CCTGRATC ATCRAACG TOGTAAC
4. Teucrium Asterids ¥anthim 5 CGRCTCACEC ATCGATGIAG AMCGTARCAR ANTGOGATAL TIGHTGTGAL TGCAG-AT COOBTGAACE ATC
liveri Lami Ocopordm_ CGGCTCACHE ATCGATGUAG AACCTAGCAA AATOOGATAL TIGETCTGHA TIGCAG AT CLODTGAATC ATCGAGH GORTAAC
olrverianum amiaceae UnbiLicus_ OGGHTETCAC ATCARACACT AACCTACOG ARTOOGATOL CTOGTCTGHA TTACMA-AAT COOCTGRATC ATCTACTC
5. Euphorbia Rosids Glaneim £ OGGCTCTCR. ATCGATGAAR AMCGTAGOGA AATGCRATAC TGGTOTGAL TIGG-AAT COBTGAATC ATCBAGS TOTAAC
Craspedia Euphorbiaceae Chara sp.  CTGCATICCT CACGACG-TC ACCACCTTOR CTPTORAAST TGGSTGGGST CEUTEGTICT GACTTCCCTC GCROCCAAC I3
6. Glaucium flavum  Papaveraceae Eudicots ) .
- 4 a0 40 L 40 40 i 40 Eul 50
7. Alcea sp. Malvaceae Rosids JUY DU R U RSN R U DUV EUSORY IUUY ISP PR TN POV VSR U ISP DUVIN (OO PO
8. Onopordum Asterids Figure 2: Clustal W multiple sequence alignment of ITS1
tauricum Asteraceae . .
9 Reseda  aucheri Rosids and ITS2 regions of the collected species.
subsp. aucheri Resedaceae
10.  Alcea pallida Malvaceae Rosids
11. Umbilicus sp. Crassulaceae Core The NJ tree is well resolved (bootstrap value >50%)
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except for the Euphorbia Craspedia, in which the
bootstrap value was below 50% (i.e., 48%) (Figure. 3).

Thymbra_sp.
—fw

Umbilicus_sp.
Linum_mucronatum
Xanthium_strumarium
%20 Onopordum_tauricum
Haplophyllum_sp.
Onobrychis_ptolemaica

Teucrium_pruinosum
Verbascum._sp.
Glaucium_flavum

L — Reseda_aucheri_subsp._rotundifolia
98%

Alcea_sp.
8% Alcea_pallida

Euphorbia_craspedia

Chara_sp.

01

Figure 3. Neighbor-Joining tree based on ITS1 and ITS2
regions. The optimal tree with the sum of branch length =
5.67718577. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (100
replicates) are shown next to the branches. The tree is
drawn to scale, with branch lengths in the same units as
those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were
computed using the Maximum Composite Likelihood
method and are in the units of the number of base
substitutions per site. The analysis involved 15 nucleotide
sequences. Codon positions
1st+2nd+3rd+Noncoding. All ambiguous positions were
removed for each sequence pair.

included were

4. DISCUSSION

The distinct geological structure of the regions
(Kharajiany, 2013) made it suitable habitat for plants
diversity. Most of the identified species were belong
to two clades; Rosids and Atersids. To our
knowledge, no occurrence data of; Onobrychis
Ptolemaic, Teucrium oliverianum, Euphorbia Craspedia,
Onopordum tauricum, Reseda aucheri subsp. aucheri were
recorded in the Sangaw. On the other hand, the
possible reason that the species of some taxa was not
able to identify is due to that the species of these taxa
are new and not exist in the NCBI database (because
the study area is neglected before and no molecular
studies on floral composition have been done before).
Furthermore, the phylogenetic tree showed the

distance among most species is not equal, and this

due that the species belong to different families and
have different DNA sequences. The existence of
phylogenetic distance between closely related taxa
such as Alcea_sp and Alcea_pallida is due to the change
in some base pairs (addition or deletion). Such
distance is might due to the long-term impacts of
abiotic stress in the area such as low precipitation
rates and geological structure of the area that cause
adaptation and speciation of some species. The
phylogenetic distance among coexisting species in the
area reveals the existence of phylogenetic diversity
among taxa of same family.

Most of the identified species were belong to the
rosids clade, and they have different morphology, life
span, and reproductive patterns (Folk et al., 2018).
Such diversity among members of this clade is
considered a critical factor for understanding the
evolutionary pattern and ecological dynamics of the
angiosperms (Folk, Siniscalchi, & Soltis, 2020). Green
algae (Chara sp.) has been found in the downstream of
the acid stream. This study showed the importance of
using DNA barcoding to identify and classify the taxa
classical

and species. Relying only on the

classification methods (i-e., Morphological
characteristics) will not be enough to identify and
classify the species. In-plant molecular phylogeny,
internal transcript spacer 1 and 2 (ITS1 and ITS2) can
identify inter and intraspecific variation (Nilsson et
al., 2008; Yao et al., 2010). The newly recorded species
in different area of Kurdistan and the finding of this
study could support that many new other species
could evolve (due to species diversification) in the
study area and in Kurdistan. This means that more
molecular and morphological taxonomic studies are

needed because Kurdistan is a hot spot and need

more emphasis.

5. CONCLUSION
The difference in the nucleotide sequence and
phylogenetic distance among coexisting species in the

area reveals that the identified species are not in the

403



Academic Journal of Nawroz University (AJNU), Vol.11, No.4, 2022

same clade and families and the taxonomic diversity

of the area. This study added some new floral taxa

found in the area to the flora of Kurdistan. The

identified species are new and not recorded before in

Sangaw. Therefore, it is important to include

molecular methods in species identification process.
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