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Abstract  

Objective 

The Jujube Blue butterfly, Tarucus theophrastus, is one of the significant insect pests affecting 

Ziziphus trees in tropical regions. Traditional identification of these insects has relied on 

morphological description, focusing on wing spot patterns and genital structures to distinguish 

species. The current work sought to perform an accurate genetic diagnosis of this species in Misan 

Province since the phenomena of cryptic species poses difficulties for standard morphological 

identification.  

Materials and methods 

Samples of the Jujube Blue butterfly were collected from Ziziphus spp, trees distributed across 

Al-Kahla district, Al-Maimouna district, and the Al-Tabar area in Maysan Province, southern 

Iraq. The Global Positioning System (GPS) was used to determine the geographic locations for 

three different areas in Maysan Province in order to spatially document the study's collection 

stations and guarantee the accuracy of returning to them in the future. The methodology included 

DNA extraction and amplification of the Cytochrome Oxidase I (COI) gene using universal 

primers (LCO1490 and HCO2198), where gel electrophoresis revealed clear genetic bands at a 

molecular size of 700 bp. 
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Results 

The Polymerase Chain Reaction (PCR) products' gel electrophoresis showed distinct genetic 

bands for the Cytochrome Oxidase I (COI) gene at the anticipated molecular size of around 700 

bp. The results of the genetic sequence analysis and their alignment in the global GenBank 

revealed a 100% genetic identity with the reference sample (ON436886.1). The local samples 

were officially registered in the DNA Data Bank of Japan (DDBJ) under accession numbers 

LC913553, LC913554, and LC913555. Furthermore, the phylogenetic tree designed using the 

Maximum Likelihood method implemented in MEGA11 software showed complete genetic 

proximity between the study samples and the documented global strains.  

Conclusions 

This study is significant because to the best of our knowledge, this is among the first molecular 

studies of this species in Misan Province. It also adds new strains to the national genetic database, 

which helps to improve integrated control programs and comprehend the genetic variation of the 

insect in Iraq.  
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Introduction 

Butterflies belonging to the genus Tarucus, locally known as the "Jujube Blue," are 

significant insect pests widespread in tropical and subtropical regions, where their larvae cause 

severe damage to Ziziphus trees through voracious feeding on leaves and growing tips (Tamura 

et al., 2021). A thin white membrane that represents the top epidermis is left behind after the 

insect larvae scrape the bottom surface of the leaves. As the larvae mature, the infestation usually 

starts off as narrow strips along the bottom leaf surface and grows longer and wider. As a result, 

where bigger larvae eat the entire bottom leaf surface, the damage becomes more severe. 
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According to survey research, these larvae can totally defoliate shrubs during severe infestations, 

which could worsen the health of young plants (Al Amery et al., 2021). Traditional identification 

of these insects has relied on morphological description, focusing on wing spot patterns and 

genital structures to distinguish species (Basu et al., 2019). Although many specialists still rely 

on morphological description as a primary and rapid tool, this reliance has faced widespread 

criticism due to the external similarity of species to the point of identity, a phenomenon known 

as cryptic species. This makes morphological diagnosis alone insufficient and prone to taxonomic 

errors (Hausberger et al., 2011; Pyrcz et al., 2013). On the other hand, genetic variety is crucial 

for promoting the development of more sophisticated genes, safeguarding existing populations, 

advancing evolutionary processes, and enabling adaptation to changing conditions in the natural 

environment (Mohammadabadi et al., 2021a). Conversely, the molecular identification of 

organisms is crucial in their studying (Farahvashi, 2026a; Saadatabadi et al., 2023). Moreover, 

the study of populations and breeds, using molecular techniques is very important and useful for 

their characterization (Mohammadifar and Mohammadabadi, 2017; Noori et al., 2017). 

Conservation of genetic diversity requires the proper performance of conservation superiorities 

and sustainable handling plans that should be based on universal information on population 

structures, including genetic diversity resources among and between populations and breeds 

(Mohammadifar & Mohammadabadi, 2018; Mohammadabadi et al., 2024). Genetic variation is 

an essential element for genetic improvement, preserving populations, evolution and adapting to 

variable environmental situations (Farahvashi et al., 2026b; Arabpour et al., 2021). On the other 

hand, determination of variation is important in characterization of various populations (Pakgohar 

et al., 2026; Khezri et al., 2025) in order to define genotypes of individuals and their associations 

with different vital aspects of their life (Mohammadabadi et al., 2021b). Moreover, as a result of 

this scientific debate between proponents of morphological description and supporters of modern 

techniques, studies have moved toward molecular identification using DNA techniques as a 

superior and more accurate option for definitive results (Ashfaq et al., 2022). Researchers argue 

that relying on genes, particularly the Cytochrome Oxidase I (COI) gene, provides a stable 

"genetic fingerprint" unaffected by environmental variables or minor morphological differences 

that might mislead taxonomists (Hebert et al., 2003). Therefore, the use of genetic analysis has 

recently become an indispensable necessity for accurately determining the correct scientific name, 

especially when morphological traits overlap among sibling species within the genus Tarucus 

(Kanyi et al., 2021). Integrating molecular data with morphological description contributes to 

building a robust genetic database that ensures the reliability of results when deposited in 

international data centers such as NCBI (Qraidi et al., 2025). The Iraqi environment possesses 

distinct climatic conditions and diverse vegetation cover, making it an ideal environment for the 
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presence and spread of Ziziphus pests across various provinces (Hausberger et al., 2011). To the 

best of our knowledge, this is among the first molecular studies conducted on this species in Misan 

Province, thus filling the knowledge gap regarding the genetic diversity of this insect and its 

alignment with globally registered strains. The present study aimed to use DNA methods for 

molecular diagnosis and genetic analysis of the Jujube Blue butterfly in Misan Province in order 

to guarantee diagnostic accuracy and ascertain the genetic fingerprint of local samples. 

Additionally, it seeks to add their sequences to the worldwide GenBank so that they may be used 

as a reference for upcoming research on biodiversity conservation and pest management. 

 

Materials and methods 

Sample collection: Samples of the Jujube Blue butterfly, Tarucus spp., were collected from 

Ziziphus spp. trees distributed across Al-Kahla district, Al-Maimouna district, and the Al-Tabar 

area in Maysan Province, southern Iraq, using hand nets, The samples were morphologically 

identified using taxonomic keys (Chen et al., 2023; Basu et al., 2019), Morphological 

characteristics showed a high degree of similarity between the two species, T. rosacea and T. 

theophrastus, as shown in Figure 1, which led to uncertainty in species identification based solely 

on morphological traits. Therefore, the Global Positioning System (GPS) was used to determine 

the geographic locations for three different areas in Maysan Province in order to spatially 

document the study's collection stations and guarantee the accuracy of returning to them in the 

future. Table 1 shows the geographic details of these stations. 

 

 

Figure 1. Jujube blue butterfly (Tarucus spp.) female and male 
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Table 1. The geographic coordinates (GPS) of the Jujube Blue butterfly sample 

collecting locations in Misan province 

Station No . Area Name Latitude Longitude 

First Station Al-Tabar Village (Orchard) 31.756772 N 47.123634 E 

Second Station Al-Maimouna District 31.674400 N 46.974400 E 

Third Station Al-Kahla District 31.670123 N 47.164321 E 

 

Consequently, molecular diagnosis was relied upon as the decisive tool to confirm the 

taxonomic identity of the studied samples. Some insect specimens were preserved directly in 

clean, sterile nylon bags, labeled with the collection site and date. The samples were then 

transported to the laboratory and stored in a deep freezer at -20°C to prevent tissue degradation 

and maintain the integrity of the genetic material until the DNA extraction process began.  

DNA extraction: DNA was extracted from insect samples using Gsync™ DNA Extraction 

Kit (Geneaid, Company), following the specific protocol for insect tissues. The process involved 

taking 35-50 mg from the head and thorax regions and grinding them with a ceramic mortar while 

adding liquid nitrogen to ensure the tissues were converted into a fine powder and to protect the 

genetic material from degradation. The extraction buffer (GST) was added, and the mixture was 

transferred to 1.5 mL Eppendorf tubes with the addition of 20 μL of Proteinase K enzyme (20 

mg/mL). The samples were then incubated in a water bath at 60°C for two hours to ensure 

complete tissue lysis. For DNA purification, GSB buffer was added with incubation for 10 

minutes, followed by the addition of 100% absolute ethanol to precipitate the DNA. The samples 

were passed through filtration columns (GS column) using a centrifuge at speeds reaching (14,000 

rpm), with repeated washes using wash buffers (1 & 2) to remove impurities and suspended 

proteins. In the final stage, pure DNA was recovered by adding 100 μL of Elution Buffer, pre-

incubated at 60°C. To verify extraction efficiency and the integrity of the genetic bands, the 

samples were examined using gel electrophoresis on a 1% agarose gel.  

PCR amplification: The Polymerase Chain Reaction (PCR) method was used to amplify 

the Cytochrome Oxidase I (COI) gene in order to identify genetic species. Specialized primers 

were employed in this procedure, such as the reverse primer (HCO2198) and the forward primer 

(LCO1490), as shown in Table 2. 

PCR Master Mix preparation: The Master Mix was prepared with a final volume of 25 μL 

per sample. The mixture included essential components such as the DNA template, specific 

primers, and sterile distilled water, according to the volumes specified in Table 3. 
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 Table 2. Universal primer sequences used for COI gene amplification according to (Salis et 

al., 2024) 

Primers Sequence (5’-3’) Product Size 
Annealing 

Temp (Ta) 

HCO2198 TAAACTTCAGGGTGACCAAAAAATCA 

700 bp 50 °C 

LCO1490 GGTCAACAAATCATAAAGATATTGG 

 

Table 3. PCR Master Mix components and their respective volumes used in the 

study 

Chemical 

Substance 
Master Mix 

DNA 

Template 

Primers 

(Forward / 

Reverse) 

Distilled 

Water 
Final Volume 

Volume (μL) 12.5 3 1/1 7.5 25 
 

Thermal cycling program: Using a thermal cycler and a particular thermal program for this 

gene, the amplification procedure was carried out. To guarantee precise amplification of the target 

genetic segment, the program comprised denaturation, annealing, and extension steps, as shown 

in Table 4.  

 

Table 4. Thermal cycler program conditions for COI gene amplification 

Stage Temperature (°C) Time (min/sec) No. of Cycles 

Initial Denaturation 95 4 min 1 

Denaturation 95 0.30 sec 

35 Annealing 50 0.45 sec 

Extension 72 1.00 min 

Final Extension 72 7 min 1 

 

DNA sequencing and molecular identification: To verify the efficiency and purity of the 

extracted DNA, gel electrophoresis was performed on a 1% agarose gel. The results showed clear 

and high-density genetic bands, confirming the acquisition of sufficient concentration and 

excellent purity to initiate the PCR amplification. Subsequently, the purified PCR products were 

sent to Macrogen company in South Korea for DNA sequencing using an automated genetic 

analyzer. 

Sequence analysis and molecular identification: The raw data received from the company 

had an approximate length of 800 bp. Trimming and editing processes were performed to remove 

noise and correct readings from the ends using BioEdit software (Version 7.2.5), Consequently, 

the final length of the sequences used in the study was 513 bp. As after trimming low-quality 



Eidan et al., 2026 

511 

 

ends, a consensus sequence of 513 bp was retained for downstream analyses. These sequences 

were compared using the BLAST search tool available at the National Center for Biotechnology 

Information (NCBI). The results showed 100% genetic identity with the reference sample under 

the accession number (ON436886.1). 

 

Results and discussion 

The current study's findings showed that the "Jujube Blue" butterfly samples taken from 

Misan Province were successfully identified molecularly. The Polymerase Chain Reaction (PCR) 

products' gel electrophoresis showed distinct genetic bands for the Cytochrome Oxidase I (COI) 

gene at the anticipated molecular size of around 700 bp. This demonstrates the effectiveness of 

the genetic material extraction process and the accuracy of the primers (LCO1490 and HCO2198) 

chosen for amplification, as shown in Figure 2. 

 

Figure 2. Gel electrophoresis of PCR products for the Cytochrome Oxidase I (COI) gene 

  

DNA sequencing and bioinformatic analysis: DNA sequencing was performed at 

Macrogen Inc. (Seoul, South Korea) using the ABI 3730XL Genetic Analyzer. The obtained 

sequences were compared with global reference data deposited in the GenBank database (NCBI) 

using the Basic Local Alignment Search Tool (BLAST). Regarding the sequence length, the raw 

data were received with lengths reaching up to 800 bp. Trimming and editing processes were 

subsequently conducted to remove noise and correct the terminal readings to ensure high-quality 

data for further analysis. 
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Sequence analysis and genetic alignment: Using BioEdit software (Version 7.2.5), the 

final length of the sequences used in the study was trimmed to 513 bp. The alignment results 

demonstrated 100% genetic identity with the global reference strain registered under accession 

number (ON436886.1). This complete match reflects significant genetic stability of the species 

within the region, as shown in Table 5. 

 

 Table 5. Genetic alignment results of local samples with global isolates in GenBank, 

showing identity percentage and query coverage 

Sample ID 
Organism 

Used 

Global 

Accession 

No 

Identity 

Percentage 

Query 

Coverage 

DDBJ 

Accession No. 

(Our Samples) 

AT1 
Tarucus 

theophrastus 
ON436886.1 100% 100% LC913553 

AT2 
Tarucus 

theophrastus 
ON436886.1 100% 100% LC913554 

AT3 
Tarucus 

theophrastus 
ON436886.1 100% 100% LC913555 

 

Phylogenetic analysis: The Unweighted Pair Group Method with Arithmetic Mean 

(UPGMA) and Maximum Likelihood method implemented in MEGA11 software were used to 

create a phylogenetic tree (Tamura et al., 2021). The results showed the genetic closeness of the 

local samples, which grouped together in a single genetic clade with strains that have been 

described worldwide, as shown in Figure 3. When compared to depending only on morphological 

description, this clustering improves the accuracy of molecular identification. 

Conclusions: The three local samples were successfully genetically documented in this 

investigation, and their sequences were deposited into the DNA Data Bank of Japan (DDBJ) with 

accession numbers LC913553, LC913554, and LC913555. These findings show that COI-based 

DNA barcoding is considered a reliable and widely used tool for species identification for settling 

scientific disputes over the precise identification and characterization of insect pests is the use of 

the COI gene "DNA Barcoding." Therefore, in order to guarantee the accuracy of comparative 

identification, we advise researchers to use DNA barcoding techniques in future surveys and 

environmental investigations. 
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Figure 3. A phylogenetic tree created with the UPGMA technique and MEGA11 software. 

The correctness of the molecular identification is confirmed by the local samples' apparent 

clustering in a single genetic clade with the global strain (ON436886.1). The genetic stability 

of the species Tarucus theophrastus within the study region is further demonstrated by the 

branching from the outgroups. Bootstrap = 1000 replicates. Kimura 2-parameter distance 
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  چکیده

در مناطق گرمسییری به شیمار   (Ziziphus) یکی از آفات مهم درختان کنار (Tarucus theophrastus) پروانه آبی کنار  هدف:

های تناایلی،  های بال و ایاختار انداموی ه الگوهای لکههای مورفولوژیک، بهرود. شیناایایی اینتی ایش حشیرات بر اایاگ وی گیمی

شیود. ماالعه حاریر با هدا انجام تشی ین ژنتیکی د یق ایش گونه در اایتان میسیان انجام شید، زیرا ها انجام میبرای تفکیک گونه

 .اازدشنااایی مورفولوژیک ااتاندارد را با دشواری مواجه می (Cryptic species) های پنهانوجود گونه

در منیاطق الکلالا،، المیمونیه و منا یه الا یار در اایییتیان   .Ziziphus sppهیای پروانیه آبی کنیار از درختیان نمونیه:  هاامواد و روش

آوری از های جم برداری و ث ت مکانی ایسیتگاهآوری شیدند. برای تعییش مو عیت جررافیایی مناطق نمونهمیسیان، جنو  عراق جم 

اایتفاده شید تا امکان بازگشیت د یق به ایش مناطق در آینده فراهم گردد. روش تلا یق شیامل  (GPS) یا  جهانیاییسیتم مو عیت

بود.   (HCO2198 و LCO1490) با اایتفاده از آاازگرهای عمومی I (COI) و تکثیر ژن اییتوکروم اکسییداز DNA اایت را 

 .جفت باز را نشان داد 700نتایج الکتروفورز ژل وجود باندهای ژنتیکی وارح با اندازه مولکولی حدود 
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در اندازه مورد انتظار  COI باندهای ژنتیکی مشی صیی برای ژن (PCR) ای پلیمرازالکتروفورز ملاصیوتت واکن  زنجیره:  نتایج

بیا    %100 ، تایابق ژنتیکیGenBank  هیا بیا پیایگیاه جهیانیترازی آنجفیت بیاز نشیییان داد. نتیایج تلالییل توالی ژنی و هم  700حیدود  

تلات   (DDBJ) ژاپش DNA طور راییمی در بانک اطلاعاتهای ملالی بهرا آشییکار کرد. نمونه (ON436886.1) نمونه مرج 

شییده با  ث ت شییدند. همینیش، درخت فیلوژنتیکی طراحی LC913555 و  LC913553  ،LC913554 های داییترایییشییماره

های  های مورد ماالعه و اییویهنزدیکی ژنتیکی کامل میان نمونه MEGA11 افزاردر نرمروش حداکثر احتمال   ااییتفاده از روش

 .شده را نشان دادجهانی ث ت

ن سییتیش مسییتنداییازی بر ااییاگ دان  ما ایش پ وه  یکی از  ای برخوردار ااییت، زیرا ایش ماالعه از اهمیت وی هگیری: نتیجه

های جدید به پایگاه داده ژنتیکی ملی شیود. همینیش، افزودن ایویهمولکولی و اطلاعاتی ایش گونه در اایتان میسیان ملاسیو  می

 . های کنترل تلفی ی و درک بهتر تنوع ژنتیکی ایش حشره در عراق کمک کندتواند به به ود برنامهمی

 Tarucus theophrastus ، گونه های رمزآلود، COIژن ااتان میسان،  کلمات کلیدی:

 : پ وهشی.نوع مقاله
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