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Abstract: Endophytes are microorganisms that colonize the tissues of live host plants usually showing 

no apparent symptoms. These endophytes, both bacteria and fungus, can produce a variety of secondary 

metabolites having a wide range of essential properties. Thus, they can be used for various medicinal, 

environmental and agronomic purposes. Argemone mexicana, a plant of the family Papaveraceae is 

widespread across India, and blooms in the month of March. The study was carried out to isolate 

endophytic fungus living in the shoot and root areas of A. mexicana from Northeast India, and to identify 

and characterize these endophytes. A total of 20 types of fungal species were isolated from both the 

root and shoot parts of the plant. Endophytes were identified by 18SrDNA sequencing using ITS1 and 

ITS4 primers. Genomic DNA was isolated using Cetyl trimethyl ammonium bromide method of the 

endophytes. The endophytic fungi were identified as belonging to Aspergillus and Penicillium sps by 

using sequence analysis of the internal transcribed spacer region and Basic local alignment search tool. 

Aspergillus oryzaem A. niger, and A. flavus showed 100% relative abundance in root and shoot. A. 

versicolor, A. sydowii, Penicillium chrysogenum were found in root only and A. striatus, A. tubingensis, 

Emericella qinqixianii and E. striata were found in the shoot of A. mexicana.  

Keywords: Medicinal plant; fungal endophytes; molecular characterization; Aspergillus; Penicillium; 

18SrDNA; Rose Bengal Base Agar. 
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1. Introduction 

Endophytes (fungal and bacterial) thrive in the intercellular spaces, cortex, epidermis, 

endodermis and vascular bundles of the host plant tissues and also inside the cells (symplasts) 

which causes no visible damage [1]. Thus, an association between endophytes and their host 

plants is considered as a symbiosis. Plants having endophytes have advantages such as defenses 

against pathogens and herbivores, plant growth promotion by helping in the production of 

growth hormones and production of secondary metabolites [2-3]. Moreover, the endophyte 

increases to improved resource availability [4].  

The Papaveraceae family of the plant kingdom includes consists around 775 species in 

42 genera. Argemone Mexicana is considered an important commercial property, which mainly 

concerns medical applications including rheumatism, tumors, inflammations, skin diseases, 

leprosy, jaundice microbial infections, etc [5]. It is commonly known as ‘Mexican prickly 

poppy’ or ‘Satyanashi’. It is an herb with yellow flower. The height differs between 0.3 to 
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0.12m long. Its leaves are sessile, sinuately, semi-amplexicaul, spiny on margins and 

pinnatified. Various plant parts of A. mexicana have medicinal properties and also reported to 

have potent narcotic and emetic abilities. One of the added advantages of using this plant for 

the study is its easy availability, along with its tolerance to drought and poor soil. This plant, 

originally from Mexico, is now naturalized in many places over the globe; it is found by 

roadsides and fields across India and many parts of the USA. Plant’s metabolism, colonizing 

symbiotic, or even parasitic microbes contribute significantly to secondary metabolite 

production and thus aid to medicinal, agronomic and environmental properties of these plants. 

Most of the important terpenoids, tannins, sterols, alkaloids, etc are found in it [6]. 

Endophytic fungi are found mostly in terrestrial habitats that have vital economical and 

ecological roles in their host plant communities. They have complex relations with their host 

plants and also talk with other endophytes that live in the same plant [7]. Endophytes have been 

known as a rich source for producing secondary metabolites. Certain endophytes have evolved 

to mimic plant defense compounds and secondary metabolites [7]. Such secondary metabolites 

have great chemical variability and uncountable pharmaceutical and biotechnological 

properties. They have antibacterial, antiviral and antifungal properties. Apart from its 

antimicrobial properties, certain secondary metabolite is immune-stimulating compounds 

including phomoxanthone A, a compound known to increase the quantity macrophages, 

activated murine T lymphocytes, Jurkat T lymphocytes and Natural Killer (NK) cells 

[8]. Additionally, endophytic fungal secondary metabolites showed the presence of glucosides, 

tannins, and flavonoids that increases neutrophil phagocytic activity in human beings. 

The aim of this research was to perform an identification of the taxonomy and to 

determine the phylogenetic relatedness and ecological parameters of the endophytic fungal 

communities, which colonize the root and shoot of A. Mexicana plant. 

2. Materials and Methods 

2.1. Sample collection site.  

A. mexicana plants were collected from Brahmaputra bank, Assam, India. Samples 

were aseptically transferred into separate zipped sterile polythene bags and brought back to the 

laboratory at room temperature [9]. The samples were then washed using tap water to remove 

debris and kept at 4°C before use. 

2.2. Isolation of endophytes. 

Endophytes were isolated from A. mexicana plant using standard protocol. Surface 

sterilization was done with 70% ethanol, sterile water and 4% sodium hypochlorite solution. 

The plant roots were chopped into segments of 1-2 cm in length. This whole procedure was 

carried out in laminar air flow. Plant segments were rinsed with 75% ethanol for 1 min and 

then with 4% sodium hypochlorite solution for 10 min. This was followed by immersing the 

segments in 75% ethanol for 1 min. Finally, all the plant segments were rinsed thrice with 

sterilized distilled water and were allowed to air dry. The roots were then crushed by sterile 

mortar & pestle in 1ml sterile distilled water and the 100µl of the plant extract was added on 

the Rose Bengal Base Agar (RBBA) media plates (containing 100 μg/mL streptomycin). The 

plates were incubated at 28ºC for one week [10]. 
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After visualization of fungus colonies on the mother culture plate, the hyphal tip of the 

fungus was collected and transferred on separate RBBA media plate and incubated at 28°C, 

and this process was repeated till the culture is pure obtain a pure culture. 

2.3. DNA isolation. 

DNA isolation of the fungal isolates was done using the Cetyl trimethyl ammonium 

bromide (CTAB) method. After DNA pellet obtained was washed with ethanol (75%) and was 

centrifuged at 10,000 rpm for 10 min at 4°C, The DNA pellet was dried and dissolved in 200 

µl of distilled water. 

DNA isolation of the fungal isolates was done using the Cetyl trimethyl ammonium 

bromide (CTAB) method of DNA isolation. Pestle and mortars were pre-cooled at 4°C and 

1gm of sample was submerged in alcohol (absolute) for 30minute. After that alcohol was 

allowed to evaporate. The 5gm mycelium was ground to a fine powder with sterile mortar & 

pestle and transfer to a plastic sterile tube. The pre-warmed isolation buffer (10 ml) was added 

to fine powder and mixed properly then it was incubated for 60 min at 65°C with occasional 

stirring. After incubation, tubes were left at room temperature for a few mins for cooling. Ten 

ml of chloroform: isoamyl alcohol (24: 1) was added to mixture and mixed properly. Centrifuge 

was done at 10,000 rpm for 20 mins at room temperature (24°C). After centrifugation, the 

supernatant was transferred to fresh tube. Ice- cold isopropanol (0.6 volume) and 3M sodium 

acetate (0.1 volume) were added to the aqueous phase and incubated at -20°C for 30 mins. 

Reaction mixture was centrifuged at 10,000 rpm for 10 min at 4°C after incubation, and then 

the aqueous phase was discarded. DNA pellet was obtained and was washed with ethanol 

(75%) and was centrifuged at 10,000 rpm for 10 min at 4°C, the aqueous phase was discarded. 

The DNA pellet was dried and dissolved in 200 µl of distilled water. 

2.4. PCR amplification. 

Fungal DNA was multiplied using 18s rRNA gene primers [11]. ITS1F (5′-

TCCGTAGGTGAACCTGCGG) primer and ITS4R (5′-TCCTCCGCTTATTGATATGC) 

primer [11]. The amplified genes were sequenced by a commercial company with a Chromous 

Biotech Pvt. Ltd., Bangalore, India. The obtained sequence data were aligned by using the 

BLAST software (http://blast.ncbi.nlm.nih.gov) algorithm at NCBI. 

3. Results and Discussion 

The total 8 types of endophytic fungi from the root and 12 types from the shoot were 

isolated from A. mexicana Aspergillus sp., Penicillium sp. (Fig.1) and Emericella sp. were 

identified (Fig. 1).  The strains of fungal isolates found in A. mexicana plant roots and shoots 

are given in Table 1. The relative abundance of the fungal strains in both the root and shoot 

parts of the plant are shown in Fig. 2 and Fig. 3. 

Neighbor-Joining method was used to check the evolutionary history [12]. The 

bootstrap tree was inferred from a 1000 replicates [13]. Those branches that correspond to 

partitions that are repeated in less than 50% replicates are collapsed. Maximum Composite 

Likelihood method was used to check the evolutionary distances [14]. This analysis involved 

as many as nine nucleotide sequences. The evolutionary analyses were conducted in MEGA X 

[15], are shown in Fig. 4 and Fig. 5. 
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Figure 1. Pure endophytic fungus from root. A. Aspergillus niger, B. Aspergillus flavus were 

Isolated from A.mexicana 

Table 1. Following are the endophytic fungi isolated from root and shoot of A.mexicana plant. 

S. No.  Culture 

ID 

Fungal species with 

Greatest similarity 

Tissue 

Plant part 

Accession 

Number with 

greatest 

similarity 

Maximum 

Identity (%) 

New Accession 

number 

obtained from 

NCBI 

1.  ARF1 Aspergillus niger Root  MN704696.1 98.82% MT322425 

2.  ARF2 Aspergillus flavus  Root KY022753.1 100.00% - 

3.  ARF3 Aspergillus versicolor  Root MF576084.1 100.00% - 

4.  ARF4 Aspergillus sydowii  Root MG799216.1 100.00% - 

5.  ARF5 Aspergillus sydowii  Root MN658458.1 100.00% - 

6.  ARF6 Aspergillus oryzae   Root MH345954.1 100.00% - 

7.  ARF7 Penicillium chrysogenum  Root MK841451.1 100.00% - 

8.  ARF8 Penicillium chrysogenum  Root KR233468.1 99.82% MT322426 

9.  ASF1 Aspergillus niger  Shoot  MN704691.1 100.00% - 

10.  ASF2 Aspergillus niger  Shoot MF379661.1 100.00% - 

11.  ASF3 Aspergillus oryzae Shoot MT071405.1 100.00% - 

12.  ASF4 Aspergillus flavus  Shoot  MN565937.1 93.33% MT322245 

13.  ASF5 Aspergillus flavus Shoot MN238861.1 100.00% - 

14.  ASF6 Aspergillus flavus Shoot MN031603.1 99.46% MT322246 

15.  ASF7 Aspergillus oryzae   Shoot MH345954.1 99.46% MT322247 

16.  ASF8 Aspergillus striatus  Shoot KU866614.1 99.62% MT322248 

17.  ASF9 Aspergillus tubingensis Shoot  GU134883.1 99.82% MT322249 

18.  ASF10 Aspergillus tubingensis  Shoot MH055392.1 99.82% MT322427 

19.  ASF11 Emericella qinqixianii Shoot KC692210.1 99.81% MT322250 

20.  ASF12 Emericella striata  Shoot  AB248980.1 99.44% MT322251 

 
Figure 2: Abundance of each genus and species identified among fungal endophytes from A. mexicana 

plant. , A-  in  the root of plant; B- in  the shoot of plant 
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Figure 3: Relative abundance of endophytic fungal isolates of A. mexicana   The bars. Error bar 

represents error with percentage. 

 
Figure 4: Evolutionary relationships of taxa of  fungal endophytes  from root of A. mexicana. 

 
Figure 5: Evolutionary relationships of taxa of fungal endophytes from shoot  of A.exicana. 

The major fungal secondary metabolites can be grouped in different classes, non-

ribosomal peptides, polyketides, alkaloids, terpenes, and more recently, ribosomal peptides. 

The ascomycetous fungi Aspergillus genus, has over 330 different species, which represent 

some of the most important and common fungi available in the environment. Aspergillus 

species belong to one of the most potent fungi that are capable of biosynthesizing a huge range 

of both primary and secondary metabolites [16]. 

Penicillium genus is filamentous fungus and found commonly in soil habitats, plants 

[17]. It is reported in literature that it can produce important secondary metabolites, including 

steroid and terpenoids, esters, quinones, polyketides, alkaloids, peptides and many other 

unidentified compounds [18-21]. These secondary metabolites have antifungal agent [22-24], 

antibacterials [21, 23-26], anticancer agent [27-28], antioxidant, antiviral [29], antidiabetic 

[30], anti-Alzheimer's disease [31], it has been used for epilepsy and toxocariasis treatment 

[32], -leishmanial and -inflammatory Agents [33].  

The host plant, A. mexicana plant has various medicinal properties attributed to its 

primary and secondary metabolites, which include flavonoids, alkaloids, saponins, glycosides, 

phenol, lignins, tannins and sterols [34]. These compounds are highly effective against various 
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diseases.  An extensive range of phytocompounds and fatty acids identified from the plant 

shows antifungal, antibacterial, antimycotic and anti-inflammatory activities [31].  

This study focuses on the diversity of endophytic fungi in different parts of A. mexicana 

plant and also to understand the symbiosis between the plant and its endophytes concerning 

their secondary metabolite production. 

4. Conclusions 

 The study offers an insight into the diversity of endophytic fungal population isolated 

from A. mexicana. The data obtained shows twenty endophytic fungi isolated from both the 

root and shoot parts of the plant. The molecular characterization shows the fungal strains 

mostly belonging to two genus Aspergillus and Penicillium species. Antimicrobial activity of 

the fungal isolates is on progress. 
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