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Abstract

Endophytes are a large and various group of microorganisms that live in the plant tissues without any apparent
disease symptoms. Endophytes play an important role in protecting the plants against the biotic and abiotic stresses.
The objectives of this study were to isolate and identify the endophytic fungi of hazelnut (Corylus avellana) tree
and evaluate the possible effects of the hazelnut different tissues on their communities. Healthy samples (fruit
including nut, shell and involucre) leaf, stem and root were collected from hazelnut tree of Fandoghlo forest in

Ardabil, Iran. After surface sterilization, the endophytic fungi were isolated using standard culture methods and
identified based on morphological characteristics. Representatives of each taxon were identified by sequencing of
ITS1-5.8S-ITS2 rDNA region. Tissue colonization frequency, species isolation rate and diversity indices were
calculated. In total, 79 endophytic fungal isolates were isolated from fruits (29.9%), leaves (9.1%), stems (54.5%)
and roots (9.1%). The isolates belonged to the taxa of Clonostachys sp., Briansuttonomyces sp., Chaetomium sp.,
Colletotrichum sp., Fusarium sp., Curvularia sp., Epicoccum sp. and Biscogniauxia sp. Accordingly, 15.2%
isolates (12 isolates) were not identified due to lack of sporulation. The stem and leaf of the hazelnut tree showed
the highest and the lowest colonization frequency, respectively. The indices of diversity of leaf and fruit
endophytes were higher than those of roots and stems. The results of thin layer chromatography analysis and
polymerase chain reaction (with DBAT gene primer) showed that three isolates are probably able to produce
paclitaxel.

Keywords: Colonization frequency, Isolation frequency, Biodiversity, Taxol, Corylus avellana.
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Table 1. Number of cultured samples, isolated endophytic fungi and colonized segments, and percentages of colonized segments

(colonization frequency) of Corylus avellana different tissues

Tissues  No. of samples  No. of isolated endophytic fungi

No. of colonized segments  Colonization frequency

Fruit 103 23
Stem 105 42
Leaf 99

Root 102

13 12.6
15 14.3
6 6.1
7 6.9
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Fig 6. The number of endophytic fungi isolated from different tissues of the hazelnut (Corylus avellana) tree
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Table 2. Number of the fungal isolates and species isolated from different tissues of the hazelnut (Corylus avellana) tree

Variables Fruit Leaf Stem Root
Total no. of species (S) 9 6 9 4
Total no. of individual (N) 23 7 42 7
Natural log of species (In S) 2.20 1.79 2.20 1.39
Natural log of individual (In N) 3.14 1.95 3.74 1.95
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Table 3. Diversity indices calculated in the different tissues of the hazelnut (Corylus avellana) trees

Tissue Fruit Leaf Stem Root
Margalef’s diversity index (DMg) 2.55 2.57 2.14 1.54
Shannon-Wiener Diversity Index (H’) 1.76 1.75 1.34 1.28
Simpson's Diversity Index (D) 0.198 0.048 0.343 0.190
Simpson's complementary diversity (1-D) 0.802 0.952 0.657 0.810
Simpson's Reciprocal Diversity (1/D) 5.06 21.00 292 5.25
Pielou’s Evenness Index (J) 0.801 0.976 0.612 0.921
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Table 4. Edwino Fernando's biodiversity scale
Relative Values Shannon (H') Index  Evenness (E)

Very High 3.5 and above 0.75-1.00
High 3.0-3.49 0.50-0.74
Moderate 2.5-2.99 0.25-0.49
Low 2.0-2.49 0.15-0.24
Very low 1.9 and below 0.05-0.14
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Table 5. Jaccard similarity index between the different tissues of the hazelnut (Corylus avellana) trees

Tissue Fruit Leaf Stem Root Nut Shell Involucre
Fruit - 0.154 0.125 0.083 - - -

Leaf 0.154 - 0.154 0 0.111 0.200
Stem 0.125 0.154 - 0 0.182 0.154
Root 0.083 0 0 0.250 0 0
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Fig 7. Thin-layer chromatography of extracted paclitaxel from different endophytic fungi isolated from hazelnut trees in Fandoghlou forest
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Table 6. Results of paclitaxel detection in the samples extracted from the mycelia of the endophyte fungi isolated from hazelnut (Corylus
avellana) tree by thin-layer chromatography (TLC) and polymerase chain reaction (PCR) of them using the primer of DBAT gene

Row Isolate Species TLC result DBAT Row Isolate Species TLC result DBAT
result result

1 HS53-5 41 HP32-5 Colletotrichum sp. Negative

2 HS54-1 42 HS56-4 Fusarium sp

3 HS56-2 43 HL510-4 )

4 HS29-3 Negative 44 HR32-3 Mycelia sterilia 1

5 HC21-2 45 HS59-1 Mycelia sterilia 2

6 HC21-5 Alternaria sp 46 HT510-1 Mycelia sterilia 3

7 HP21-3 ' 47 HL510-1 Mycelia sterilia 4

8 HS25-4 Positive 48 HL510-3 Colletotrichum sp.

9 HS27-1 49 HS28-1 Mycelia sterilia 5

10 HP31-4 Negative 50 HC21-4 Mycelia sterilia 6

11 HS55-2 51 HR21-1 Mycelia sterilia 7 Negative

12 HS25-5 52 HC22-1 Alternaria sp

13 HP21-5 Curvularia sp. 53 HS27-3 )

14 HS51-2 Negative 54 HN21-4

15 HS51-6 55 HR33-5 Clonostachys sp.

16 HS51-7 56 HR33-9

17 HS53-2 57 HL21-2 Mycelia sterilia 8

18 HS53-3 58 HS23-2 Mycelia sterilia 9

19 HS53-4 59 HS25-1 Biscogniauxia sp.

20 HS53-7 Positive Positive 60 HC31-3 Mycelia sterilia 10

21 HS53-9 61 HP32-4 Nigrospora sp.

22 HS510-3 62 HP32-6 Chaetomium sp

23 HS510-4 63 Hp32-8 ' Positive Positive

24 HS510-5 Nigrospora sp Negative 64 HP32-7 Mycelia sterilia 11

25 HC21-6 ' 65 HR33-8

26 HC21-7 66 HR35-5 Briansuttonomyces sp.

27 HS21-1 67 HR34-8

28 HS21-2 68 HL32-1 Mycelia sterilia 12

29 HS25-2 Positive 69 HS54-6

30 HS26-3 . Negative 70 HS54-7

31 HS26-4 Negative Positive 71 HS56-1

32 HP32-2 72 HC21-3 Negative Negative

33 HS27-2 73 HL21-3

34 HP31-2 74 HC31-1 Alternaria sp.

35 HP31-3 75 HS55-3

36 HS29-2 Negative 76 HL21-4

37 HC31-4 Nigrospora sp 77 HS57-8

38 HS53-6 ' 78 HP51-5

39 HS56-6 79 HS53-1

40 HS54-5 Epicocum sp.

DBAT; 10-deacetylbaccatin 111-10p-O-acetyltransferase
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