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Abstract
Among the various diseases that threaten the green space plants, the Fusarium genus is of great
importance. Due to time consuming, requiring high expertise and low reliability in the morphological
methods, it would be recommended to use species-specific primers for identification of Fusarium species
as a fast and cost-effective method without need to sequencing that could be easily used to identify the
genus and species of Fusarium. In this study, in order to molecularly confirming of Fusarium isolates
associated with Ash, Black locust and Populus decline, and turfgrass yellowing, in addition to verifying
species-specific primers with standard isolates, Fusarium isolates obtained from Ardabil’s green space
plants were identified using these specific primers by PCR. Totally, the 24 isolates belonging to F. solani
using fFusol and rFuso2, 11 isolates belonging to F. oxysporum species using CLOX1-F and CLOX2-R
primers, 10 isolates belonging to F. acuminatum species with using FAC-F and FAC-R primers, 8 isolates
belonging to F. equiseti were identified using FEF1 and FER1 primers and 8 isolates belonging to F.
graminearum were identified using FgCTPSf024 and FgCTPSrR306 primers. These primers did not react
with isolates belonging to other Fusarium species. Also, the sequencing and phylogenetic analysis results
lead to identify 2 and 1 isolates as F. solani and F. redolens, respectively.

Keywords: Fusarium, Trees decline, Turfgrass yellowing, Specific primers, TEF-/a.
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Table 1. Names and Sequence of primers used in PCR

Primers Species- Primer Sequence PCR program Source
Specificity
1 FAC-F F. acuminatum 5'-GGGATATCGGGCCTCA-3' 95°C for 3min, 38 (95°C for 30s, 56°C for Williams
FAC-R 5-GGGATATCGGCAAGATCG-3' 20s, 72°C for 45s), 72°C for 5 min etal.,
2002
2 FEF1 F. equiseti 5'- CATACCTATACGTTGCCTCG-3' 94°C for 1min, 25 (94°C for 1min, 58°C for Mishra
FER1 5- TTACCAGTAACGAGGTGTATG-3' 30s, 72°C for 1min), 72°C for 7min etal.,
2003
3  FgCTPSf024 F. graminearum 5-TCGGAAGAGTTTTCTGCC-"3' 94°C for 5 min, 35(94°C for 1min, 53°C for Yang et
FgCTPSrR306 5-CCTTGGTCATCCATAGAG-3' 1min, 72°C for 3min), 72°C for 5mi al., 2008
4  Clox1-F F. oxysporum 5-CAGCAAAGCATCAGACCACTATAACT-3' 94°C for 5min, 35(94°C for 50s, 60°C for Mule et
Clox2-R 5'- CTTGTCAGTAACTGGACGTTGGTACT-3' 50s, 72°C for 1min), 72°C for 7min al., 2004
5 fFusol F. solani 5-CTC TGT TAATAATGC AAC TC-3' 94°C for 2 min, 35 (94°C for 1min, 50°C for Heetal,,
rFuso2 5-TGG TAC TAT AGC TGG AGG A-3' 1 min, 72°C for 2min), 72°C for 10min 2011
6 EF1 FusariumF Fusarium sp. 5-ATGGGTAAGGAAGGACAAGAC-3' 94°C for 5min, 35 (94°C for 50s, 56°C for Geiser et
EF2 FusariumR 5-GGAGAGTACCAGTGCATCATGTT-3' 50s, 72°C for 1min), 72°C for 7min al., 2004
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Table 2. Reaction of Fusarium isolates to primers fFusol and rFuso2

Number  Species Isolate code Host Plant parts geg(r:itrlﬁgr
1 F. solani UM1202 Fraxinus rotundifolia  Root +
2 F. solani UM1213 F. rotundifolia Root +
3 F. solani umMi1217 Fraxinus excelsior Root +
4 F. solani uM1218 F. rotundifolia Root +
5 F. solani UmM1222 F. excelsior Root +
6 F. solani UM1230 F. excelsior Root +
7 F. solani UM615 Robinia psedoacacia  Unknown +
8 F. solani UM630 R. psedoacacia Unknown +
9 F. solani UM636 R. pseudoacacia Unknown +
10 F. solani UM1620 Acer sp. Unknown +
11 F. solani UM1621 Acer sp. Unknown +
12 F. solani uUM1622 R. psedoacacia Unknown +
13 F. graminearum  UM®65 (CBS130952)  Triticum aestivum Head -
14 F. oxysporum UM1209 F. excelsior Stem -
15 F. venenatum UM49 (CBS458.93)  T. aestivum (Austria)  Unknown -
16 F. solani UM1623 R. psedoacacia Unknown +
17 F. solani uM1624 Acer sp. Unknown +
18 F. solani UM1625 Acer sp. Unknown +
19 F. solani UM1626 R. psedoacacia Root +
20 F. solani UmM1627 Populus sp. Root +
21 F. solani UM1543 R. psedoacacia Root +
22 F. solani UM1535 R. psedoacacia Root +
23 F. solani UM1584 R. psedoacacia Root +
24 F. solani UM1590 R. psedoacacia Stem +
25 F. solani um4sl R. psedoacacia Root +
26 F. solani UM841 Poa sp. Root +
27 F. solani UM1628 R. psedoacacia Unknown +
28 F. equiseti UM829 Poa sp. Root -
29 F. cerealis UM815 Poa sp. Root -
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Table 3. Reaction of Fusarium isolates to primers Clox1-F and Clox2-R

Number  Species Isolate code Host Plant parts gegfi%’g‘r
1 F. oxysporum UM832 Poa sp. Root +
2 F. oxysporum Uma833 Poa sp. Crown +
3 F. oxysporum UM1204 F. excelsior Root +
4 F. oxysporum UM1205 F. excelsior Root +
5 F. oxysporum UM1209 F. excelsior Trunk +
6 F. oxysporum UM1210 F. excelsior Trunk +
7 F. oxysporum umM1211 F. excelsior Root +
8 F. oxysporum UM10 (CBS141.95) Hedera helix Unknown +
9 F. oxysporum UMS59 (FL1) Lentis esculenta Stem +
10 F. oxysporum UM180 (CBS131194)  Arrhenatherum elatius ~ Head +
11 F. oxysporum UMA478 (IRAN3910C)  Corylus avellana Root +
12 F. solani UM1230 F. excelsior Root -
13 F. graminearum  UM80 (CBS130911) T. aestivum Head -
14 F. acuminatum &%%4334_75) Musa sapientum Unknown -
15 F. verticillioides UM7 (CBS218.79) Zea mays Unknown -
16 F. cerealis Um810 Poa sp. Leaf -
17 F. equiseti UM24 (CBS394.93) Disphyma crassifolium  Unknown -
18 F. avenaceum UM120 (CBS131444)  Tree Unknown -

VFoo liuno g 3usly [V o loud [ 0590 [ S § (s 9 Sl § (owidieon -



https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.9.1
http://gebsj.ir/article-1-403-fa.html

[ Downloaded from gebg.ir on 2025-11-17 ]

[ DOR: 20.1001.1.25885073.1400.10.2.9.1]

el on FUSANIUM (cls 68 J 550 Ll L 5 esly K

500bp —p

500bp—p

Clox2-R 5 Clox1-F (sla S5LT 5l eslizat L F. OXySPOrUM £ 58 4 by e (g3b Cir 000 aabad iS5 -V IS5
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Table 4. Reaction of Fusarium isolates to primers FAC-F and FAC-R

Number  Species Isolate code Host Plant organs %eS?itr'ﬁQr

1 F. acuminatum UM467 C. avellana Root +
2 F. acuminatum UM469 C. avellana Root +
3 F. acuminatum UM470 C. avellana Root +
4 F. acuminatum UM1184 F. excelsior Root +
5 F. acuminatum UM1185 F. rotundifolia Root +
6 F. acuminatum uM1187 F. rotundifolia Root +
7 F. acuminatum UM1189 F. excelsior Root +
8 F. acuminatum UM14 (CBS 334.75) Musa sapientum Unknown +
9 F. acuminatum UM141 (CBS131074) Sorghom halepens  Head +
10 F. acuminatum UM193 (CBS131257)  Lolium sp. Head +
11 F. solani UM615 R. psedoacacia Root -
12 F. subglutinans ~ UM44 (CBS535.95) Lupinus sp. Unknown -
13 F. equiseti UM100 (CBS131777)  T. aestivum Head -
14 F. graminearum  UM57 T. aestivum Head -
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Fig 3. Amplification of 600 Base pair of the F. acuminatum using primers FAC-F and FAC-R
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Table 5. Reaction of Fusarium isolates to primers FER1 and FEF1

Number —Species Isolate code Host Plant parts  Reaction o primer
1 F. equiseti uma826 Poa sp. Root +
2 F. equiseti umas28 Poa sp. Unknown +
3 F. equiseti uUmM829 Poa sp. Root +
4 F. equiseti UM1197 F. excelsior Root +
5 F. equiseti UM1198 F. excelsior Root +
6 F. equiseti UM24 (CBS535.95) Disphyma crassifolium  Unknown +
7 F. equiseti UM100 (CBS131777)  T. aestivum Head +
8 F. equiseti UM191 (CBS131255) Leucopoa sclerophylla  Head +
9 F. oxysporum UM59 (FL1) Lens culinaris Unknown -
10 F. cerealis UM22 (CBS589.93) Iris hollandica Unknown -
11 F. solani UM630 R. psedoacacia Unknown -
12 F. acuminatum UM141 (CBS131074) S. halepens Head -
13 F.graminearum UMB89 (CBS131572)  T. aestivum Head -
14 F. proliferatum  UM154 (CBS131100) Paspalum paspaloides = Head -
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Fig 4. Amplification of 389 Base pair of the F. equiseti using primers FER1 and FER1

FQCTPSrR306 5 FgCTPSf024 (sl 35T « FUSAMiUM o) 5 3550 (slaaldr [2ST5 =1 s
Table 6. Reaction of Fusarium isolates to primers FgCTPSf024 and FgCTPSr306

Number  Species Tsolate code Host Plant parts  Reaction to primer
1 F. graminearum  UMB830 Poa sp. Root +
2 F. graminearum UMB831 Poa sp. Leaf +
3 F. graminearum  UM57 T. aestivum Head +
4 F. graminearum  UM®62 (CBS130604) T. aestivum Head +
5 F. graminearum UMB89 (CBS 131572) T. aestivum Head +
6 F.graminearum UM1629 (CBS131249) T. aestivum Head +
7 F. graminearum  UMB65 (CBS130952) T. aestivum Head +
8 F. graminearum UMB80 (CBS130911) T. aestivum Head +
9 F. acuminatum UM193 (CBS131257) Lolium sp. Head -
10 F. proliferatum  UM94 (CBS131574) T. aestivum Head -
11 F. oxysporum UM10 (CBS141.95) Hedera helix Unknown -
12 F. solani UM636 R. psedoacacia  Unknown -
13 F. equiseti Uum191 T. aestivum Head -
14 F. incarnatum UmM104 T. aestivum Head -

VFoo liuno g 3usly [V o loud [ 0590 [ S § (s 9 Sl § (owidieon -



https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.9.1
http://gebsj.ir/article-1-403-fa.html

[ Downloaded from gebg.ir on 2025-11-17 ]

[ DOR: 20.1001.1.25885073.1400.10.2.9.1]

el on FUSANIUM (cls 68 J 550 Ll

Q\)L{.&.ﬁ 9 a:‘)' n_i.\;

311bp—pp

FGCTPSIR306 5 FgCTPSf024 (sls S5L1 5l eslizad L F. graminearum « 58 « by e (50 uir Y1) ankad i85 -0 I3
Fig 5. Amplification of 311 Base pair of the F. graminearum using primers FgCTPSf024 and FgCTPSr306

EF2R ,EF1F 6LAJ§)'L'9T4.3 by 3L cuam Voo Mﬁiﬁ—'\ Ji‘;,
Fig 6. Amplification of 700 Base pair of the primers EF1F and EF2R

sl ST 5l eslinl pimen .(Jahedi et al., 2018) ..
F. 5 F. proliferatum slaai S J4S04e b s ol
FJE b 58 Olpl 5o 2nd o) el (sl verticillioides
p95 > (Rahjoo et al., 2008) .l osls «lyl 1, 43
T.L’f SIS fﬁ)b)—é il g S slulis LK s s
Gl ST L sy ki oluldr Slasls 5 od o
F. solani « S 55 .(Demeke et al., 2005) i b ol
S s e & sensaw glaeds I F. sambucinum
Olng 53 ol gla SHET 51 eslinal b (sls o OLES
Shesiass s eames J(Lenc et al, 2008) Las luls
F.oxysporum &8 olulid gl olasl Silelcis e
Pasquali et al., ) ol oo eslinal Ulsl s fsp. lactuce
cv’\-\-\s)l’u"‘ L}""-)G JA‘}P axJlzs )).EM‘M ‘/.:.r u‘ﬁw‘ BE) (2007
S gl sl Silledr il eaS Bk Suey
F.  F. crookwellens F. acuminatum > G «,5
F. s F. graminearum F. culmorum @venaceum

(Williams et al., 2002) > S oslazal pseudograminearum

oareis Sl el Cas b m L GL S mlE s
Lb ool calke Fusarium glaalis cpl sbics,
Sl 3 ag e nl Sl a8 Jols olg ol Stz
Olses 3 53 ,» 45 UMI218 5 UM1201 wl50 55 o )
Foods8 a0 by S 51 53 0 el Sl S8 0L
e A S 13 Ao AN aesliel Cole> L solani
el ozl KaaS 0Ly Obje 51 45 55 UM1204 4151
ekl Cole= L F. redolens 48 4 by e SIS s s
Trichoderma &8 Liyls cpl 3 . c8 5 513 Asys A4
Col ol a3 S a5 5l 65,8 Olgea harzianum

V)
L ol il slaai S aul sl @odate Sliios 0556
Sl STl sdd plnil olaztl gla ST I eslizal
o sbasS U bl Gln 68 cola
F. F. culmorum . avenaceum  J.L: Fusarium
F. proliferatum (F. redolens (. subglutinans «crookwellens
5 S Olaes 31 S ol sl &S F. oxysporum  F. solani «

ol oslizal Cadbge b sy odd (gilulis 33 Olwb 3l

VFeo limo) g 3l /T o loul /o 0590 [ S j (Sos] § Sl § (qwkien


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.9.1
http://gebsj.ir/article-1-403-fa.html

[ Downloaded from gebg.ir on 2025-11-17 ]

[ DOR: 20.1001.1.25885073.1400.10.2.9.1]

ILen 5 ealy Ko el on FUSAMIUM (sls 68 J S Llulis

74 MN696106 Fusarium verticillioides
99 | MN696078 Fusarium verticillioides

MN696006 Fusarium verticillioides
MK105816 Fusarium proliferatum
77 MKO061541 Fusarium proliferatum
00
MKOQ77070 Fusarium proliferatum
FJ895290 Fusarium

bo KT032974 Fusarium oxysporum

66
751 MN629914 Fusarium oxysporum

GU934576 Fusarium redolens
HQ731064 Fusarium redolens
— MK922539 Fusarium redolens

KR052165 Fusarium redolens
UM1204 25486 EF1

KR052172 Fusarium redolens
. MT568871 Fusarium redolens

LC546967 Fusarium acuminatum
KX094926 Fusarium acuminatum

66 | MK937102 Fusarium acuminatum
MK836081 Fusarium avenaceum

s MK937108 Fusarium avenaceum

JF278602 Fusarium avenaceum

— 70 MT446228 Fusarium equiseti
9 | MK560328 Fusarium equiseti
MT336145 Fusarium equiseti

MH572248 Fusarium graminearum

MH572254 Fusarium graminearum
KX269081 Fusarium graminearum
KP400717 Fusarium cerealis
KX359405 Fusarium cerealis
MH341231 Fusarium cerealis
MH595520 Fusarium solani

— 62| DQ247671 Fusarium solani

UM1201 25486 EF1

UM2018 25486 EF1

KY000481 Fusarium solani

DQ247429 Fusarium solani

DQ499971 Fusarium solani

KMO044396 Fusarium solani

NG 055721 Trichoderma

98

98

0.1

(Bootstrap) . lzel L Maximum Likelihood s, « TEF-la 4>U 5| is0 Jg lal s Fusarium glaglas gl ods s sleiols v S
@ bge cllodd yasie s,d Al LS Sbalis Li)ls ol o il eds 4 § 0 s b o5 S Ol gea Trichoderma harzianum 4,8 1 SG Ve e
O o) A Godos ol 5o S8 0L Ol ps 5l el oLl slaa i

Fig 7. Phylogenetic tree constructed by Mega-7 based on partial TEF-/a sequences of Fusarium isolates with Maximum Likelihood method.
Trichoderma harzianum was used as outgroup taxon. Highlighted taxa represent isolates of this study identified on ash trees (scale bar=0.1).
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