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ABSTRACT

In this study, in order to identification of mating type idiomorphs and possibility of sexual fertility samples were
taken from rivers, lakes, lagoons and dams of 10 provinces (Alborz, Bushehr, East Azerbaijan, Fars, Guilan,

Khuzestan, Kurdistan, Lorestan, Mazandaran and South Khorasan). In each site, samples were taken from three
substrates of water, sediments and foam (small bubbles on water surface). Water-agar containing antibiotic and
alternating light in 25°C and peptone-PCNB-agar containing antibiotic were used for isolation of the isolates.
Fifty-one isolates of F. proliferatum were recovered and maintained. Isolates were identified using morphological
characteristics on carnation-leaf-agar, potato dextrose agar and SNA culture media. Then, identification of isolates
was done by species-specific primers. To detect the mating type idiomorphs of the isolates, idiomorph loci were
amplified by multiplex PCR using the primers designed based on corresponding MAT loci. Of 51 isolates, 28
(54.9%) were determined as MAT-1 and 23 (45.1%) as MAT-2. To test sexual fertility of the isolates, each isolate
was crossed with all isolates of opposite mating type on carrot agar culture medium, and total crosses of 1288 were
done between the isolates. One hundred and two crosses resulted in fertile perithecia and ascospores recovered
from fertile crosses had germination rate between 70-80%. Among successful crosses, four isolates were
identified as female fertile. Distribution of mating type idiomorphs and fertility status of the isolates, confirms the
probability of sexual reproduction among isolates in the aquatic ecosystems.
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Table 1. Used primers for amplifying of specific region of Fusarium proliferatum and its mating type
idiomorphs.

Primer Gene Primer sequence Reference
Proli 1F TEF 5-GTCACGTGTCAAGCAGCGA-3' Amatulli et al. (2012)
TEF 1R TEF 5-GCGACAACATACCAATGACG-3' Amatulli et al. (2012)
fusALPHAfor MAT-1 5'- CGCCCTCTKAAYGSCTTCATG-3' Kerenyi et al. (2004)
fusALPHArev MAT-1 5-GGARTARACYTTAGCAATYAGGGC-3' Kerenyi et al. (2004)
fusHMGfor MAT-2 5'-CGACCTCCCAAYGCYTACAT-3' Kerenyi et al. (2004)
fusHMGrev MAT-2 5-TGGGCGGTACTGGTARTCRGG-3' Kerenyi et al. (2004)
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Table 2. Fusarium proliferatum isolates obtained from aquatic ecosystems (rivers, lagoons, stream, dam

and Caspian Sea).

No. Isolate name Province Aquatic ecosystem Substrate MAT Geographical coordinates
1 Karaj Up-s-1 Alborz Karaj River sediments MAT-2 36.31313, 51.219932
2 Karaj Up-s-2 Alborz Karaj River sediments MAT-2 36.31313, 51.219932
3 Velayat-s-1 Alborz Velayat Rud River sediments MAT-2 36.112204, 51.328598
4 Velayat-s-4 Alborz Velayat Rud River sediments MAT-2 36.112204, 51.328598
5 Velayat-s-5 Alborz Velayat Rud River sediments MAT-2 36.112204, 51.328598
6 AjiChay-s-3 East Azerbaijan Aji Chy River sediments MAT-2 38.159949, 46.622348
7 AjiChay-s-4 East Azerbaijan Aji Chy River sediments MAT-2 38.159949, 46.622348
8 Aydogh-s-5 East Azerbaijan Aydoghmoush Dam sediments MAT-1 37.243271, 47.539150
9 Aydogh-s-6 East Azerbaijan Aydoghmoush Dam sediments MAT-1 37.243271, 47.539150
10 Aydogh-w-1 East Azerbaijan Aydoghmoush Dam water MAT-1 37.243271, 47.539150
11 Aydogh-w-2 East Azerbaijan Aydoghmoush Dam water MAT-1 37.243271, 47.539150
12 GhouriGol-w-1 East Azerbaijan Ghouri Gol Lagoon water MAT-2 37.909829, 46.696355
13 GhouriGol-w-2 East Azerbaijan Ghouri Gol Lagoon water MAT-2 37.909829, 46.696355
14 Shadegan2-s-1 Khuzestan Shadegan Lagoon sediments MAT-2 30.681649, 48.540171
15 Shadegan2-s-2 Khuzestan Shadegan Lagoon sediments MAT-2 30.681649, 48.540171
16 Shapour-s-1 Fars Shapour River sediments MAT-2 29.761581, 51.550753
17 Shapour-s-2 Fars Shapour River sediments MAT-2 29.761581, 51.550753
18 Kargan-s-1 Guilan Kargan Rud River sediments MAT-1 37.807849, 48.911552
19 Kargan-s-2 Guilan Kargan Rud River sediments MAT-1 37.807849, 48.911552
20 Grit-s-11 Lorestan Grit Waterfall sediments MAT-2 33.293858, 48.719208
21 Grit-s-12 Lorestan Grit Waterfall sediments MAT-2 33.293858, 48.719208
22 Kaka-s-5 Lorestan Kaka Reza River sediments MAT-2 33.703522, 48.385248
23 Kaka-s-6 Lorestan Kaka Reza River sediments MAT-2 33.703522, 48.385248
24 Kaka-w-3 Lorestan Kaka Reza River water MAT-1 33.703522, 48.385248
25 Kaka-w-4 Lorestan Kaka Reza River water MAT-1 33.703522, 48.385248
26 Kashkan-s-9 Lorestan Kashkan River sediments MAT-2 33.496924, 47.968156
27 Kashkan-s-10 Lorestan Kashkan River sediments MAT-2 33.496924, 47.968156
28 NaveKash-s-3 Lorestan Nave Kash Stream sediments MAT-1 33.529079, 48.118249
29 NaveKash-s-4 Lorestan Nave Kash Stream sediments MAT-1 33.529079, 48.118249
30 NaveKash-w-1 Lorestan Nave Kash Stream water MAT-2 33.529079, 48.118249
31 NaveKash-w-2 Lorestan Nave Kash Stream water MAT-2 33.529079, 48.118249
32 NaveKash-w-3 Lorestan Nave Kash Stream water MAT-2 33.529079, 48.118249
33 PoleDokhtar-s-1 Lorestan Pole Dokhtar lagoon sediments MAT-1 33.082462, 47.697752
34 PoleDokhtar-s-2 Lorestan Pole Dokhtar lagoon sediments MAT-1 33.082462, 47.697752
35 PoleDokhtar-s-3 Lorestan Pole Dokhtar lagoon sediments MAT-1 33.082462, 47.697752
36 Robat-s-1 Lorestan Robat River sediments MAT-2 33.641852, 48.293993
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No. Isolate name Province Aquatic ecosystem Substrate MAT Geographical coordinates
37 Robat-s-2 Lorestan Robat River sediments MAT-2 33.641852, 48.293993
38 Zaz-f-1 Lorestan Zaz River foam MAT-1 33.214856, 48.892178
39 Zaz-f-2 Lorestan Zaz River foam MAT-1 33.214856, 48.892178
40 Zaz-s-3 Lorestan Zaz River sediments MAT-1 33.214856, 48.892178
41 Zaz-s-4 Lorestan Zaz River sediments MAT-1 33.214856, 48.892178
42 Zaz-w-7 Lorestan Zaz River water MAT-1 33.214856, 48.892178
43 Zaz-w-8 Lorestan Zaz River water MAT-1 33.214856, 48.892178
44 Khazar-s-3 Mazandaran Caspian Sea sediments MAT-2 36.890114, 50.725877
45 Khazar-s-4 Mazandaran Caspian Sea sediments MAT-2 36.890114, 50.725877
46 Khazar-w-1 Mazandaran Caspian Sea water MAT-1 36.890114, 50.725877
47 Khazar-w-2 Mazandaran Caspian Sea water MAT-1 36.890114, 50.725877
48 Tajan-s-3 Mazandaran Tajan River sediments MAT-2 36.501458, 53.082374
49 Tajan-s-4 Mazandaran Tajan River sediments MAT-2 36.501458, 53.082374
50 Talar-s-3 Mazandaran Talar River sediments MAT-1 36.339508, 52.854139
51 Talar-s-4 Mazandaran Talar River sediments MAT-1 36.339508, 52.854139
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Fig. 1. Amplified MAT-1 and MAT-2 idiomorphs of Fusarium proliferatum isolates in 2% agarose gel.
Isolates no. 1 to 10 with MAT-2 idiomorph and isolates no. 11 to 20 with MAT-1 idiomorph. M is DNA
size marker (ExcelBandTM 1KB Plus DNA Ladder, SMOBIO, Taiwan).
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Fig. 2. Sexual state of Fusarium proliferatum produced following crosses between isolates no. 8 and 15.
a-c) Perithecia produced on carrot agar culture medium, d and e) Asci with ascospores and f) Germinating
ascospore on water agar produced in a fertile cross.
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oole Wl lsze 4 MAT-1 o5l o5 slls
Table 3. Sexual fertility status of Fusarium proliferatum isolates recovered from aquatic ecosystems with
MAT-1 mating type isolates as female parent.

Isolates with MAT-1 mating type (female parent)

33 34 35 38 39 40 41 42 43 46 47 50 51

8 9 10 11 18 19 24 25 28 29
s 1 o+ o+
% 2 + o+
s 3 + o+
> 4+ o+
-% 5 o+ 4+
ez 6 + o+
NS 7+ o+
8102 + +
= 13 + +
% 14+ o+
2 15 + +
& 6 + +
2 17 + +
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Isolates with MAT-1 mating type (female parent)

8 9 10 11 18 19 24 25 28 29 33 34 35 38 39 40 41 42 43 46 47 50 51
20 + + - - - - -
21+ 4+ - - - - -
22+ 4+ - - - - -
23+ + - - - - -
26 + + - - - - -
27+ o+ - - - - -
30 + 4+ - - - - -
31+ + - - - - -
32 + 4+ - - - - -
36 + + - - - - -
37 + 4+ - - - - -
4 + + - - - - -
45 + 4+ - - - - -
48 + 4 - - - - -
49 + + - - - - - - - - - - - - -

oy JSAT i pon py BSET pos -
-: absence of perithecium +; presence of perithecium

b salaz b ol slapinnwsS] 5l sael cussay Fusarium proliferatum sladslos  cwiz (5,9,b Cundg ¥ Jgox
oole Wlg ylgie 4y MAT-2 ‘5..,)“,]

Table 4. Sexual fertility status of Fusarium proliferatum isolates recovered from aquatic ecosystems
with MAT-2 mating type isolates as female parent.

Isolates with MAT-1 mating type (male parent)
8 9 10 11 18 19 24 25 28 29 33 34 35 38 39 40 41 42 43 46 47 50 51

E 14 - - - - o oo oo oo
8 16 - - - - - - - ..o oo
N 22 - - - - - - - - - - - - - - - - - - - - - - -
< T
= S
S 30 - - - - - - .- . - - - - .- . - .. - -
g 31

£

o JeSeAS  party y SET pas -
-2 absence of perithecium +: presence of perithecium
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