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SUMMARY 

 

The presented investigations aimed to elucidate the genetic diversity and phylogeny of nine species of 

the family Asteraceae. The research applied two types of DNA markers—the directed amplification of 

minisatellite DNA (DAMD) and the sequence-related amplified polymorphism (SRAP)—and the ribulose 

bisphosphate carboxylase (rbcL) barcode. The genetic distance and phylogenetic relationship 

estimations used the UPGMA (unweighted pair group method with arithmetic mean) algorithm and the 

Neighbor-Joining (NJ) tree clustering approaches. The total determined bands were 135 and 75, with 

an average of 13.5 and 9.37 for DAMD and SRAP markers, respectively. By analyzing the DAMD 

marker, the highest genetic distance (0.4666) was noticeable between species Cousin sp. and 

Urospermum picroides, while the lowest (0.785) was notable between the species Tragopogon sp. and 

Carduus pycnocephalus. In SRAP marker values, the lowest genetic distance (0.351) was evident in 

Carthamus oxyacantha and Sonchus oleraceus, while the highest (0.891) appeared between Notobasis 

syriaca and Carduus pycnocephalus. Based on combined data, the species Carthamus oxyacantha and 

Onopordum carduchorum emerged as highly diverse (0.483) compared with the species Tragopogon 

sp. and Carduus pycnocephalus (0.808). Four evolutionary clades were distinct, i.e., Urospermum 

picroides, Lactuca serriola, Notobasis syriaca, and Carthamus oxyacantha. Clade four underwent 

further subdivision into two subclades—Sonchus oleraceus and Tragopogon sp. with Cousin sp. and 

Carduus pycnocephalus and Onopordum carduchorum. The DAMD and SRAP markers with rbcL proved 

effective in analyzing genetic diversity in the family Asteraceae. 
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Key findings: The DAMD and SRAP markers with rbcL chloroplast sequencing occurred as 

considerable tools to estimate the genetic distance, as well as the evolutionary relationship among the 

Asteraceae species. The tribe of Cardueae members appeared most clustered together. 

 

 

INTRODUCTION 

 

Asteraceae has become one of the largest 

families of the order Asterales. This family is 

widespread globally from subpolar to tropical 

areas, including enormously economically 

important crops, vegetables, and ornamental 

plants (Simpson, 2009). The sunflower family 

is morphologically distinct due to the 

inflorescence, florets, individual flowers, and 

pappus, as well as the modified calyx. 

Accordingly, this family gained easy 

classification based on their distinct 

morphological features (Cassini, 1818; 

Bentham and Hooker, 1873; Xu et al., 2017).  

Although the family Asteraceae 

incurred further dividing into subfamilies and 

tribes, and their members and numbers were 

highly controversial because of the floral 

diversity and evolution (Jeffrey, 2009), Funk et 

al. (2009) proposed that this family has up to 

1700 genera, including 24000–30000 species. 

In Iraq, the said family has around 123 genera, 

including approximately 433 species 

(Ghazanfar et al., 2019; Rasheed et al., 2024). 

By using DNA markers, various plant 

diversity and evolution attained speedy 

assessment, including the family Asteraceae 

(Yang et al., 2006; Shao et al., 2010). The 

sequence-related amplified polymorphism 

(SRAP) was considerably a crucial marker to 

amplify the open-reading frames (ORF) (Li and 

Quiros, 2001; Robarts and Wolfe, 2014). The 

Carthamus species identification and 

classification utilized the said novel marker 

(Peng et al., 2008; Mokhtari et al., 2013). 

Furthermore, the DAMD-PCR marker has the 

directed amplification of the minisatellite DNA. 

The DAMD DNA marker became often 

suggested to be a highly effective tool for 

evaluating the single locus in the plant 

genome, as well as assessing genetic diversity 

and evolution (Lamare and Rao, 2015; 

Hamdan, 2025).  

The DNA barcode, the short DNA-

targeted region for sequencing, is significantly 

used as a key to identify and discriminate 

various species (Hebert et al., 2003; 

Hajibabaei et al., 2007). The rbcL chloroplast 

gene region became regarded as a useful 

barcode due to sufficient variations within the 

genes (Newmaster et al., 2006; Kress and 

Erickson, 2007; Dong et al., 2014; Taher and 

Saeed, 2022). 

Several studies have taken place on 

the family Asteraceae through the DNA 

barcode to the high-throughput sequencing 

(Olmstead et al., 1992; Gao et al., 2010; 

Mandel et al., 2019; Pascual-Díaz et al., 2021; 

Zhang et al., 2024). However, the said family’s 

subjections to few investigations focused 

mainly on interspecific variations (Abd, 2024; 

Ismail et al., 2024), since non-considerable 

studies have transpired regarding the 

molecular markers as well as sequencing on 

the family Asteraceae in Iraq.  

Thus, this study could be a guide to 

understanding the genetic diversity and species 

relationship within this family. Based on the 

above discussion, the presented study aimed 

to classify the genetic diversity and phylogeny 

of nine species of the family Asteraceae by 

using two types of DNA markers (DAMD and 

SRAP) and the rbcL (ribulose bisphosphate 

carboxylase) barcode. 

 

 

MATERIALS AND METHODS 

 

DNA extraction 

 

The study used fresh leaves of nine species 

from Asteraceae (1S-Lactuca serriola, 2S-

Cousin sp., 3S-Carthamus oxyacantha, 4S-

Sonchus oleraceus, 5S-Tragopogon sp., 6S-

Notobasis syriaca, 7S-Urospermum picroides, 

8S-Carduus pycnocephalus, and 9S-

Onopordum carduchorum) to isolate the total 
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genomic DNA using the CTAB method, 

collected throughout May 2024 from two 

different locations (Semel and Barbeer villages, 

Atrosh) around Duhok City, Iraq (Weigand et 

al., 1993). 

 

Polymerase chain reaction (PCR)  

 

The ABI Applied Biosystems PCR System 2720 

thermal cycler was the treatment used to 

conduct the PCR amplification of 20 μl PCR 

reaction mixture. It contained 2 μl of genomic 

DNA (25-50 ng), 2 μl (10 pmol) for each 

forward and reverse oligonucleotide (primer), 

and 10 μl of Taq DNA Master Mix (2x conc.) 

(Addbio, Korea), along with 4 μl of DDs sterile 

water. Optimizing each set of the marker 

entailed separation with an appropriate 

program as follows: for rbcLa_F/ 

ATGTCACCACAAACAGAGACTAAAGC and 

rbcL724_R/GTAAAATCAAGTCCACCRCG gene 

region, 94 °C for 5 min, 40 cycles consisting of 

94 °C for 30 sec (denaturation), 55 °C for half 

a min (annealing), 72 °C for half a min (primer 

extension), and final extension of 72 °C for 5 

min. For amplification of the DAMD markers, 

10 primers used incurred the optimized 

thermocycler conditions to a touch-down PCR 

reaction. This involved an initial 3 min hold at 

94 °C, followed by 10 cycles of denaturation at 

94 °C for 1 min, annealing at 50 °C for 50 s, 

and an extension at 72 °C for 2 min. The 

annealing temperature sustained a reduction to 

0.5 °C per cycle for the first 10 cycles, followed 

by up to 30 cycles at 45 °C for annealing, with 

a final extension at 72 °C for 10 min. 

Furthermore, the SRAP marker with the eight-

primer combination set (Table 1) proceeded in 

an optimized PCR program of a 5-min hold at 

94 °C, followed by 5 cycles of denaturation at 

94 °C for 1 min, annealing at 35 °C for 60 s, 

and an extension at 72 °C for 1 min. The 

process continued to 35 cycles of denaturation 

at 94 °C for 1 min, annealing at 50 °C for 1 

min, extension at 72 °C for 1 min, and the final 

extension at 72 °C for 7 min (Joshi and 

Deshpande, 2010). The PCR results’ 

visualization used a 2% agarose gel 

electrophoresis. 

 

Data scoring and analysis  

 

Each band has a marker representation. The 

DAMD and SRAP markers received manual 

scoring by the presence (1) or absence (0) of 

bands as a raw data matrix. The statistical 

analysis continued by using version 2.02 of 

NTSYS software (Rohlf, 1992). The 

discriminatory power of DAMD and SRAP 

markers could undergo evaluation based on 

the following three parameters. First, the 

polymorphic information content (PIC), which 

was calculated by using the formula PIC = 2ƒ 

(1 – ƒ), where ƒ = the frequency of present 

bands in the developing gel, and 1–ƒ = the 

frequency of absent bands (Roldan-Ruiz et al., 

2000). Second, the resolving power (Rp) was 

the ability of each primer to detect the level of 

variation among the species, calculated as Rp 

= ΣIb, where Ib (band informativeness) takes 

the values of 1– [2|0.5–p|], where p is the 

proportion of individuals containing the band 

(Prevost and Wilkinson, 1999). 

 

Phylogenetic analysis 

 

The use of the Geneious software version 11 

aided the sequence’s alignment (Kearse et al., 

2012). Then, applying the Clustal W alignment 

helped extract sequences. The aligned data’s 

transfer proceeded to the MEGA 11 software to 

find a robust phylogeny model (Tamura et al., 

2021). The phylogenetic tree reconstruction 

resulted in an appropriately selected 

evolutionary model.  

Table 1. The SRAP primer combination set used in the research. 

Reverse primer Sequence Forward primer Sequence 

EM 6 GACTGCGTACGAATT ME 5 TGAGTCCAAACCGGTGC 

EM 13 GACTGCGTACGAATTGGT ME 6 TGAGTCCAAACCGGATG 

EM 15 GACTGCGTACGAATTCTG ME 8 TGAGTCCAAACCGGTGC 

EM 16 GACTGCGTACGAATT ME 15 TGAGTCCAAACCGGTCA 

EM 17 GACTGCGTACGAATT ME 17 TGAGTCCAAACCGGGTA 
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RESULTS AND DISCUSSION  

 

The preliminary results showed 10 out of 14 

tested DAMD primers were able to generate 

reproducible and clear polymorphic profiles for 

all the targeted species samples. In the case of 

the SRAP DNA marker evaluation, only eight 

out of 12 combinations exhibited successful 

amplification (Figure 1). Thus, the resulting 

data based on both markers have been used to 

estimate the genetic diversity in the 

Asteraceae genera (Tables 2 and 3). The 

analyzed DAMD and SRAP markers 

demonstrated the total number of scored 

polymorphic bands were 135 and 75, 

respectively. They revealed an average of 13.5 

and 9.37 bands, ranging from eight bands in 

the URP13R to 19 bands in the URP6R, and six 

to 15 bands using SRAP, respectively. 

 
 

Figure 1. The result of both markers running in 2% agarose gel electrophoresis. 

 

Table 2. Genetic diversity statistics for DAMD markers, including primer name and sequences, total 

number of bands, polymorphism information contents, and resolving powers in the family Asteraceae. 

Primer name Primer Sequences (5′- 3′) Total number of bands PIC RP 

URP2F GTGTGCGATCAGTTGCTGGG 11 0.368 6.22 

URP2R CCCAGCAACTGATCGCACAC 15 0.365 8.22 

URP4R AGGACTCGATAACAGGCTCC 11 0.377 6.44 

URP6R GGCAAGCTGGTGGGAGGTAC 19 0.400 12.67 

URP9F ATGTGTGCGATCAGTTGCTG 15 0.286 5.77 

URP13R TACATCGCAAGTGACACAGG 8 0.358 4.44 

URP17R AATGTGGGCAAGCTGGTGGT 10 0.390 6 

URP25F GATGTGTTCTTGGAGCCTGT 13 0.429 10 

URP30F GGACAAGAAGAGGATGTGGA 17 0.403 11.11 

URP32F TACACGTCTCGATCTACAGG 16 0.364 8.88 

Total  135 3.69 79.75 

Means  13.5 0.369 7.97 

 

Table 3. Genetic diversity statistics for SRAP markers loci, including primer name, total number of 

bands, polymorphism information contents, and resolving powers in the family Asteraceae. 

Primer name Total number of bands PIC RP 

EM17/ ME5 9 0.263 6.22 

EM15/ ME8 11 0.260 5.11 

EM6/ ME17 15 0.296 5.778 

EM15/ ME15 6 0.246 1.778 

EM16/ ME6 7 0.218 1.778 

EM13/ ME8 11 0.323 4.667 

EM16/ ME6 7 0.366 3.778 

EM16/ ME17 8 0.351 4.667 

Total 75 2.302 33.73 

Means 9.37 0.287 4.216 
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The PIC value entailed calculation to 

estimate the discriminating power of a locus by 

considering not only the number of expressed 

alleles but also the relative frequencies of 

those alleles. The PIC values ranged between 

0.286 and 0.429, with an average of 0.369 for 

DAMD markers. The PIC-recorded values for 

the SRAP marker were 0.218 to 0.366, with an 

average of 0.287. The PIC values appeared 

dependent on the genetic diversity of the 

selected genotypes (Manimekalai and 

Nagarajan, 2006). 

The primer’s ability (resolving power 

values, RP) to differentiate the species 

succeeded in their determination. The values 

ranged from six (primer URP17R) to 12.67 

(primer URP6R), with an average of 7.97. In 

contrast, in SRAP markers, the RP showed 

1.778 to 6.22, with an average of 4.216.  

According to Dice’s similarity matrix and the 

UPGMA clustering method, the dendrogram 

exhibited the clusters that were notable at the 

0.79 similarity level. Thus, the results indicated 

both markers proved effective in analyzing the 

genetic diversity in the family Asteraceae 

genera. 

The DAMD markers’ application 

calculated the genetic distance among the 

various species of the family Asteraceae. The 

highest distance (0.4666) was evident between 

the species Cousin sp. (2S) and Urospermum 

picroides (7S), while the lowest distance 

(0.785) was noteworthy between the species 

Tragopogon sp. (5S) and Carduus 

pycnocephalus (8S). Despite the species 

Tragopogon and Carduus belonging to different 

tribes, however, they emerged as closely 

related in this examination. One expected that 

the species Tragopogon polyploidization causes 

this connection, which has also been a finding 

in past studies (Nazarova, 1991). Likewise, the 

highest and lowest distances reached 

estimation in the SRAP marker. Accordingly, 

0.351 and 0.891 were the lowest and highest 

genetic distances between the species 

Carthamus oxyacantha (3S) and Sonchus 

oleraceus (4S), and Notobasis syriaca (6S) and 

Carduus pycnocephalus (8S), respectively.  

By combining the scored data of both 

DNA markers, the generated results explained 

the existence of the highest genetic distance 

between the species Carthamus oxyacantha 

(3S) and Onopordum carduchorum (9S), with 

an estimated value of 0.483. Meanwhile, the 

species Tragopogon sp. (5S) and Carduus 

pycnocephalus (8S) showed the lowest genetic 

distance (0.808) (Table 4, Figure 2). The 

majority of the findings had previous 

determination in studying the tribes Cardueae 

and Cichorieae of the family Asteraceae (Petit, 

1997; Kamel, 2004). Reducing the genetic 

distance between the genera Carduus and 

Tragopogon seemed to be the chromosome 

evolution of the genus Carduus (Ackerfield et 

al.,2020). 

The chloroplast coding gene region, 

rbcL’s application, reconstructed the 

phylogenetic tree of the nine different species 

of the family Asteraceae. The amplified 

amplicon result was 600 bp in the studied taxa. 

Since the study selected a single coding gene, 

only a portion of it sustained sequencing. Thus, 

the analyzed data showed a polytomous tree 

with four clades: Urospermum picroides (7S) 

and Lactuca serriola (1S) as the first clade. The 

Notobasis syriaca (6S) and Carthamus 

oxyacantha (3S) are the second and third 

clades, respectively. The last clade attained 

division into two subclades: Sonchus oleraceus 

(4S), Tragopogon sp. (5S), and Cousin sp. 

(2S), and the subclade of Carduus 

pycnocephalus (8S) and Onopordum 

carduchorum (9S) (Figure 3). The current 

results closely agreed with previous 

phylogenetic findings (Kim et al., 1992; Zahra 

et al., 2024). Mentioning all details of such a 

big family like Asteraceae is difficult, but from 

selected species used for this study, it could 

reveal a high genetic diversity among all 

samples, although its collection came relatively 

from the same geographical area. The 

presented investigations will guide us to build 

up a robust phylogenetic tree as well as a 

genetic diversity determination at lower levels 

of taxonomical hierarchy in the Duhok 

Governorate and later, in Iraq. 



SABRAO J. Breed. Genet.57 (6) 2628-2636. http://doi.org/10.54910/sabrao2025.57.6.35 

2633 

Table 4. Genetic similarity matrix of studied species using the combined markers. 

1S 2S 3S 4S 5S 6S 7S 8S 9S 

1.0000000         

0.5358852 1.0000000        

0.5119617 0.4880383 1.0000000       

0.6267943 0.5454545 0.4928230 1.0000000      

0.6315789 0.6459330 0.5933014 0.6411483 1.0000000     

0.5885167 0.6315789 0.5693780 0.6076555 0.7464115 1.0000000    

0.5980861 0.5645933 0.5502392 0.5980861 0.6602871 0.7033493 1.0000000   

0.6411483 0.6842105 0.5550239 0.6411483 0.8086124 0.7464115 0.6698565 1.0000000  

0.6076555 0.5837321 0.4832536 0.5885167 0.6411483 0.6076555 0.5789474 0.6315789 1.0000000 

 

 

 
 

Figure 2. The illustrated dendrogram of the combined markers. 

 

 
 

Figure 3. Neighbor-Joining tree of nine species of the family Asteraceae using the rbcL chloroplast 

gene. The value above the nodes is a bootstrap if it has > 40% support. S represents the outgroup 

Famatinanthus decussatus. 
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CONCLUSIONS 

 

By studying the genetic diversity and 

phylogenetic relationship of the nine species of 

the family Asteraceae, the two DNA markers 

(DAMD and SRAP) achieved combining with a 

single chloroplast gene region (rbcL). 

Subsequently, both markers revealed the 

estimation of the genetic distances was 

appropriate. Moreover, the DNA barcode 

supports the findings by exhibiting the ability 

of a phylogenetic reconstruction within the 

family. 

 

REFERENCES 

 

Abd AA (2024). Molecular characterization of the 

genus Cousinia Cass. (Asteraceae) in Iraq 

utilizing RAPD markers. Int. J. Phytol. Res. 

4(1): 12–16. 

Ackerfield J, Susanna A, Funk V, Kelch D, Park DS, 

Thornhill AH, Yildiz B, Arabaci T, Dirmenci 

TA (2020). A prickly puzzle: Generic 

delimitations in the Carduus‐Cirsium group 

(Compositae: Cardueae: Carduinae). Taxon 

69(4): 715–738. 

https://doi.org/10.1002/tax.12288. 

Bentham G, Hooker JD (1873). Compositae. In: G. 

Bentham and J.D. Hooker (Eds.). Gen. 

Plantarum 2(1): 163–533. 

https://doi.org/10.5962/bhl.title.747. 

Cassini H (1818). De la classification naturelle des 

syuautherees. In: G.F. Cuvier (Ed.). Dict. 

Sci. Nat. 10: 152–157. 

Dong W, Cheng T, Li C, Xu C, Long P, Chen C, Zhou 

S (2014). Discriminating plants using the 

DNA barcode rbcL b: An appraisal based on 

a large data set. Mol. Ecol. Resour. 14(2): 

336–343. https://doi.org/10.1111/1755-

0998.12185. 

Funk VA, Susanna A, Stuessy TF, Bayer RJ (2009). 

Systematics, evolution, and biogeography of 

Compositae. Vienna: International 

Association for Plant Taxonomy, Institute of 

Botany, University of Vienna, Vienna. 

Gao T, Yao H, Song J, Zhu Y, Liu C, Chen S (2010). 

Evaluating the feasibility of using candidate 

DNA barcodes in discriminating species of 

the large Asteraceae family. BMC Evol. Biol. 

10: 1–7. https://doi.org/10.1186/1471-

2148-10-324. 

Ghazanfar SA, Edmondson JR, Hind JN (2019). Flora 

of Iraq, Vol. 6. Royal Botanic Gardens, Kew, 

London, UK. 

Hajibabaei M, Singer GA, Hebert PD, Hickey DA 

(2007). DNA barcoding: How it 

complements taxonomy, molecular 

phylogenetics and population genetics. 

Trends Genet. 23(4): 167–172. 

Hamdan YA (2025). Genetic diversity analysis of 

Palestinian safflower (Carthamus tinctorius 

L.) using inter simple sequence repeat 

(ISSR) markers. Genet. Resour. Crop Evol. 

72: 61–73. https://doi.org/10.1007/ 

s10722-024-01962-z. 

Hebert PDN, Cywinkska A, Ball SL, de-Waard JR 

(2003). Biological identifications through 

DNA barcodes. Proc. R. Soc. Lond. B. Biol. 

Sci. 270: 313–321. 

https://doi.org/10.1098/rspb.2002.2218. 

Ismail RY, Muhammed JJ, Sinjare DY (2024). 

Phylogenetic study of ten species from 

Centaurea (Asteraceae) in Duhok city, 

Kurdistan region-Iraq. Sci. J. Univ. Zakho 

12(3): 277–284. https://doi.org/10.25271/ 

sjuoz.2024.12.3.1279 

Jeffrey C (2009). Evolution of Compositae flowers. 

Systematics, evolution, and biogeography of 

Compositae. pp. 131–138. 

Joshi M, Deshpande JD (2010). Polymerase chain 

reaction: Methods, principles and 

application. Int. J. Biomed. Res. 2(1): 81–

97. 

Kamel EA (2004). Cytotaxonomical investigations of 

the Egyptian compositae (Asteraceae): I-

Cardueae and cichorieae. Compos. Newsl. 

41: 9–28. 

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung 

M, Sturrock S, Buxton S, Cooper A, 

Markowitz S, Duran C, Thierer T (2012). 

Geneious Basic: An integrated and 

extendable desktop software platform for 

the organization and analysis of sequence 

data. Bioinformatics 28(12): 1647–1649. 

https://doi.org/10.1093/bioinformatics/ 

bts199. 

Kim KJ, Jansen RK, Wallace RS, Michaels HJ, Palmer 

JD (1992). Phylogenetic implications of rbcL 

sequence variation in the Asteraceae. Ann. 

Missouri Bot. Gard. 428–445. 

https://doi.org/10.2307/2399779. 

Kress WJ, Erickson DL (2007). A two-locus global 

DNA barcode for land plants: The coding 

rbcL gene complements the non-coding 

trnH-psbA spacer region. PLoS One 2(6): 

e508.https://doi.org/10.1371/journal. 

pone.0000508. 

Lamare A, Rao SR (2015). Efficacy of RAPD, ISSR 

and DAMD markers in assessment of genetic 

variability and population structure of wild 



SABRAO J. Breed. Genet.57 (6) 2628-2636. http://doi.org/10.54910/sabrao2025.57.6.35 

2635 

Musa acuminata colla. Physiol. Mol. Biol. 

Plants 21: 349–358. https://doi.org/ 

10.1007/s12298-015-0295-1. 

Li G, Quiros CF (2001) Sequence-related amplified 

polymorphism (SRAP), a new marker 

system based on a simple PCR reaction: Its 

application to mapping and gene tagging in 

Brassica. Theor. Appl. Genet. 103: 455–

461. 

Mandel JR, Dikow RB, Siniscalchi CM, Thapa R, 

Watson LE, Funk VA (2019). A fully resolved 

backbone phylogeny reveals numerous 

dispersals and explosive diversifications 

throughout the history of Asteraceae. Proc. 

Natl. Acad. Sci. USA 116(28): 14083- 

14088.https://doi.org/10.1073/pnas.19038

71116 

Manimekalai R, Nagarajan P (2006). 

Interrelationships among coconut (Cocos 

nucifera L.) accessions using RAPD 

technique. Genet. Resour. Crop Evol. 53: 

1137–1144. 

https://doi.org/10.1007/s10722-005-1303-z 

Mokhtari N, Rahimmalek M, Talebi M, Khorrami M 

(2013). Assessment of genetic diversity 

among and within Carthamus species using 

sequence-related amplified polymorphism 

(SRAP) markers. Plant Syst. Evol. 299: 

1285–1294. https://doi.org/10.1007/ 

s00606-013-0796-8. 

Nazarova EA (1991). Karyotypical evolution in genus 

Tragopogon L. (Lactuceae, Asteraceae). 

Flora, vegetation and vegetable resources of 

Armenia. Academy of Science of Armenia, 

Erevan. pp. 116–134 (in Russian). 

Newmaster SG, Fazekas AJ, Ragupathy SDNA 

(2006). DNA barcoding in land plants: 

Evaluation of rbcL in a multigene tiered 

approach. Botany 84(3): 335–

341.https://doi.org/10.1139/b06-047. 

Olmstead RG, Michaels HJ, Scott KM, Palmer JD 

(1992). Monophyly of the Asteridae and 

identification of their major lineages inferred 

from DNA sequences of rbcL. Ann. Missouri 

Bot. Gard. 79(2): 249–

265.https://doi.org/10.2307/2399768. 

Pascual-Díaz JP, Garcia S, Vitales D (2021). Plastome 

diversity and phylogenomic relationships in 

Asteraceae. Plants 10(12): 2699. 

https://doi.org/10.3390/plants10122699. 

Peng S, Feng N, Guo M, Chen Y, Guo Q (2008). 

Genetic variation of Carthamus tinctorius L. 

and related species revealed by SRAP 

analysis. Biochem. Syst. Ecol. 36(7): 531–

538. https://doi.org/10.1016/j.bse.2008.03. 

010. 

Petit DP (1997). Generic interrelationships of the 

Cardueae (Compositae): A cladistic analysis 

of morphological data. Plant Syst. Evol. 207: 

173–203. https://doi.org/10.1007/ 

BF00984388. 

Prevost A, Wilkinson MJ (1999). A new system of 

comparing PCR primers applied to ISSR 

fingerprinting of potato cultivars. Theor. 

Appl. Genet. 98: 107–112. 

https://doi.org/10.1007/s001220051046. 

Rasheed MM, Saeed IO, Ibrahim OM (2024). 

Concentrations of some heavy metals in 

plants adjacent to the Tigris River, Iraq. 

Nativa 12(1): 191–194. 

https://orcid.org/0009-0004-7520-104X. 

Robarts DW, Wolfe AD (2014). Sequence‐related 

amplified polymorphism (SRAP) markers: A 

potential resource for studies in plant 

molecular biology. Appl. Plant Sci. 2(7): 

1400017. https://doi.org/10.3732/apps. 

1400017. 

Rohlf FJ (1992). NTSYS-pc: Numerical taxonomy and 

multivariate analysis system. Applied 

Biostatistics. 

Roldan-Ruiz I, Dendauw J, Van Bockstaele E, 

Depicker A, De-Loose MAFLP (2000). AFLP 

markers reveal high polymorphic rates in 

ryegrasses (Lolium spp.). Mol. Breed. 6: 

125–134. https://doi.org/10.1023/ 

A:1009680614564. 

Shao QS, Guo QS, Deng YM, Guo HP (2010). A 

comparative analysis of genetic diversity in 

medicinal Chrysanthemum morifolium based 

on morphology, ISSR and SRAP markers. 

Biochem. Syst. Ecol. 38(6): 1160–1169. 

https://doi.org/10.1016/j.bse.2010.11.002. 

Simpson BB (2009). Economic importance of 

Compositae. Systematics, evolution, and 

biogeography of compositae, pp. 45–58. 

Taher AM, Saeed IO (2022). Bioremediation of 

contaminated soil with crude oil using two 

different bacteria. AIP Conf. Proc. 2398(1). 

https://doi.org/10.1063/5.0094117 

Tamura K, Stecher G, Kumar S (2021). MEGA11: 

Molecular evolutionary genetics analysis 

version 11. Mol. Biol. Evol. 38(7): 3022–

3027. https://doi.org/10.1093/molbev/ 

msab120. 

Weigand F, Baum M, Udupa S (1993). DNA Molecular 

Marker Techniques, Technical Manual, No. 

20 International Center for Agricultural 

Research in the Dry Areas (ICARDA). 

Aleppo, Syria. 

Xu Z, Chang L, Xu Z, Chang L (2017). Asteraceae. 

Springer Singapore, pp. 441–721. 



Sinjare et al. (2025) 

2636 

Yang W, Glover BJ, Rao GY, Yang J (2006). Molecular 

evidence for multiple polyploidization and 

lineage recombination in the 

Chrysanthemum indicum polyploid complex 

(Asteraceae). New Phytol. 171(4): 875–886. 

https://doi.org/10.1111/j.1469-

8137.2006.01779.x. 

Zahra SA, Iqbal J, Abbasi BA, Kanwal S, Alwahibi MS, 

Elshikh MS, Rizwan M, Iqbal R, Mahmood T 

(2024). Phylogenetic analysis of selected 

species of Asteraceae on the basis of RPS 11 

gene. Sci. Rep. 14(1): 4808. 

https://doi.org/10.1038/s41598-024-

75991-0. 

Zhang G, Yang J, Zhang C, Jiao B, Panero JL, Cai J, 

Zhang ZR, Gao LM, Gao T, Ma H (2024). 

Nuclear phylogenomics of Asteraceae with 

increased sampling provides new insights 

into convergent morphological and 

molecular evolution. Plant Commun. 5(6). 

https://doi.org/10.1016/j.xplc.2024.100851.

 

https://doi.org/10.1016/j.xplc.2024.100851

