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Abstract

Rapeseed is a host for a large number of pathogenic and non-pathogenic fungi, including Fusarium species. During
2018-2020, 40 rapeseed samples showing yellowing, wilting and rootrot symptions were collected from different areas
in Khuzestan province, which led to the isolation of 35 Fusarium isolates on potato-dextrose-agar (PDA). Ten isolates
were selected based on the shape of the colonies and conidia and identified according to phylogenetic analysis and
morphological features. For molecular study, two regions including the internal transcribed spacer nuclear ribosomal
DNA region (ITS) and translation elongation factor 1-a gene (TEF1) were amplified and sequenced. These sequences
were analyzed by phylogenetic analysis using maximum likelihood and Bayesian inference algorithms. Accordingly, F.
acuminatum, F. clavum, F. gracilipes, F. incarnatum and F. tanahbumbuense, and a representative species of the new
lineage were identified. To our knowledge, this is the first report of F. acuminatum, F. clavum, F. gracilipes, F.
incarnatum and F. tanahbumbuense on rapeseed in Iran. Moreover, F. gracilipes is a new record for the mycobiota of
Iran.
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Table 1. Accession numbers of the ITS and tefla sequences in GenBank (NCBI) belonging to the isolates under survey.

Species Culture accession no. GenBank accession no.
ITS tefla

Fusarium acuminatum SCUA-Nem-H4 MN633385 MN635674
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F. incarnatum (FIESC 23) SCUA-Nem-F2 MNG633382 MN635672
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, "““-—-__,\"{ FIESC 21-b F. guilinense NRRL 32865
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60/- :“‘--.‘ FIESC 20-c F. caatingaense NRRL 25108
96/1.00, ™ FIESC 20-b F. caatingaense NRRL 36575
\‘\ ——FIESC 19-a F. multiceps NRRL 43639
M | ,|FIESC 16-b F. sulawense NRRL 34056
64/0.99 — 1 | FIESC l6-e F. sulawense NRRL 52756
g0 —HT— 11 l, IFIESC 16-a F. sulawense NRRL 34004
72/0.99 =T FIESC 16-d F. sulawense NRRL 25134

FIESC 16-c F. sulawense NRRL 34059

] FIESC 17-b F. pernambucanum NRRL 36548
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99/1.00—

98/1.00-T| FIESC 15-¢ F. irregulare NRRL 32994
FIESC 15-¢ F. irregulare NRRL 34001
FIESC 15-d F. irregulare NRRL 34008
FIESC 15-a F. irregulare NRRL 34007
FIESC 18-a F. luffae NRRL 31167
93/1.001FIESC 18-b F. luffae NRRL 32522
FIESC 27-a NRRL 20722

— "lEESC 28-a F. coffeatum NRRL 28577
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Figure 1. Two-locus phylogenetic tree based on ITS and tefl sequences of Fusarium isolates under study and selected
from GenBank, constructed usisg two maximum likelihood and Bayesian inference algorithms. The isolates under

survey were indicated with red-color filled circles. Bootstrap values lower than 50% and Bayesian posterior probability
values lower than 0.95 have been deleted. The tree was rooted with Cyanonectria buxi CBS 125551.
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Figure 2. Fusarium acuminatum. A. Root rot symptoms of the canola seedling, B. 8-days colony grown on PDA, C.
Conidiophores, phialides and microconidia, D. Macroconidia.
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Figure 3. Fusarium clavum. A. 5-days colony grown on PDA, B-C. Conidiophores, phialides and conidia, D.

Catenulate chlamydospores.
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Figure 4. Fusarium incarnatum. A. Macroconidia, B. Root rot symptoms of the canola seedling, C. 4-days colony
grown on PDA, D- F. Conidiophores, phialides and microconidia.

PV Lo Gl b Sl (i, (/YY) VOIY
2oy 0 olicabl o3l 5 yteg,See YY/EY £ F/F x Y/FO
33 (0 US8) cal jieg,See YYIVA-YFIA x Y/YA-Y/SY
) tefl 5 ITS asb g oS )5 5 siie 2lpls <30
F. gracilipes aisS L JolSS azls G o aslas cpl o)
(BS 93 %, BPP 1.00) o (gussade> (FIESC 13)
oy ool s Y4V Jls o F. gracilipes 4565
ol (Byxe 09 FIESC 13 lesgs caisles a5 aygm S
Odsl nl 5 sl oals (lulazr sl I Laid ()55 b 4igS
Slr b odsl Sl Geizen 5 Sl olS Gl Gl 158

D9 oo (815 Ol pl SbgmeSn

Fusarium sp. aiss -0
edle b (qawel) 13IS azyy 51 IRAN 3498C «lax>
2 PDA (59, a5 5 ylad (7 JS8) ad lulaa (Soews
PO oy g 3l o ol T sl az 0 YA L <10 slos 5 (SO,

39 ke g9y ghe 0 A5 p b opSojll pe e
35 PDA cits bime (g9, ol K5y 05 iy hans

Fusarium gracilipes JW Xia, L Lombard, 45 -¥
Sand.-Den., XG Zhang & Crous, Persoonia 43: 205
eMe b (olpl) 155 as, 5 SCUA-Nem-B3 alox

PDA (55, baiS,, ,hd (0 JS&) ab gilulas SaSes
9y g ol dw ol )T il ax o YA E /0 sles 5 (SOU o
L} J.J.w =9 C.Ia.w B daf)J W) 6).5 O)L)u‘ )...4(_;.‘.«0 Y
Ll Sy 0,5 oy S iy mhaw jo g plaie Al
Al 0 Jg b slaay cdl> g olse ol e,
o30S £9 g PDA (g5, iiue lae [0 al8yg,8
Cygo a9 Sleo b 2kl (59,5 4ed B0 5 b jgrmmganadls
Mo 5999 4 CLA Lowe j0 el iy b (SO
S5y LppacSySle WS e (L psdgd el
oS alad SO L gpuidw S$ U 55 S slaadlisie
90 Ceow 4y a5 Wiy (50 LrpganiSs Sle sl oo 0o
Jobo 5 5080 5 S,L ale! Jobo digdgo SHL Ll
0,lg00 Y=F (slyls lapgranaSe,Sle ol by anily IS 4y 44l
SYVIE s YIVE—FIY olal b o550 01500 O L Bes 5 o0



Y4

Fusarium gleaigs o lwbas /oy Ko g o

= TV pgpanSy,Siwe Sl ey, Y/AT — YY/OV
Sl GBlpzil b oSl 09,8 YVE — VY/AF x VA
0 plebl o3l g yieg, e VIAA £ Y/0F x VAT £ < /YY
JS8) canl jog S YINVE — AIPY x VIAD — Y- ¥ as o
Fooas @hls o905 90 b alaar ol (O JS8)
(BS 84 %) o (sauaiss> tanahbumbuense

oledgs sl Y14 Jlu o F. tanahbumbuense «s8
Musa acuminate 35 sleadle 5l 5 3,20 FIESC 24
ol sl Triticum sp. 5 (s33sl 51 Musa sp. 5 Colla
Ol ol (Farr & Rossman 2020) cewl ool 158
ol Qe 55 IS (59, 5 S cal (5155
F. F. gracilipes [F. clavum ais3 > caslllas cpl o
(FIESC ,.SL.S ;) F. tanahbumbuense s incarnatum
‘)JS oLﬁf 4.....0) ‘;My p..»)l.c o|)4..:= (;.o..‘b aS A g}")‘)f
)‘ P Fewd ) 0 6)516; 6L¢bo$|o L}"L“" BERRRESATY,
Farr & Rossman ) FIESC  .SL.S sladisS sloylij
slacl .l oass i )138 151S 51 F. equiseti 448 Lpas (2020
ady Il sble 65) dnle ©ypar o FIESC LSLoS
Orezlee b S len Glsim Lol 5l golass oo 5 S
Wang et ) Wgh o aislil Sl ludl (bS5l
sl Sogdl s lraisS S, (@l 2019; Xia et al. 2019
@) ogee (Fdlo g Wigd (oo (FU g S (59 (rlaw
(Wang et al. 2019; Xia et al. 2019) w;lail oo o,blxs
A S (59 (S 35550 00T g o] 51 S
Jed g e wlel » FIESC glagSas  wSlwS
O’Donnell et al. ) o olpris Y-+ Jlo o S
o o oadbaslil slaes uSleS YY o (2009
5 axlialb sleass lls FIESC SLS dFusarium
ol lal ;o (O’Donnell et al. 2010) <ol (g iy 25w
O’Donnell et al. ) sg 2l5,l5 ais8 YA (gol> uShoS
oSlaS cpl jo LelSS lesgs YE Ll > 40 Jg (2009

oad yme ale ol lagy] ji (slp o8 Cal oad wxSlis

WS oo rgdeedlS (oS Slasd g (pS5e 0)lnd b sladns
255 0)les V=Y L bapsianiSs Sk wdgs CLA lass (59,
ok 15 (slizml b 5 Glo oS0 LopsaniSy Sl S s
s 5 (Siygyd shls b Jshu 5 peted Lows el
(YIVF=) FINYAMYS x V- A=YITE lopgancSs Sle .ol
Y x Y E LY L Bl b Sl ey S
x YA=YNY ao,s A0 luebl o)l 5 yies,See YIF)
@lls B8 0 (F USE) ol yieg Ses ANVO-VY/AA
Wl cpl () JSE) tefl o ITS asb g0 cuS 5 (e
FIESC ShaS lls sloasf nlo 5l oglise
F. F. gracilipes sleaisS &jglxe o 5 ol (gaisaby>
longifundum JW Xia, L Lombard, Sand-Den., XG
,),8 F. scirpi Lambotte & Fautrey ¢ Zhang & Crous

00,55 adg s & FIESC 13 [uSLaS b iz oyl .25
Jodo 45 calils LI PDA Lize (55; 55892005 5 (oS
Solite CLA Lo (55, odss slogansy Sl S

adei Jdo 4 FIESC 9 SlwS L pooren ol
JSs g PDA Lo 55, 59005 5 ppaSs Sl
il oo Sglie SolS bapgyaniSs Se

Fusarium tanahbumbuense N. Maryani et 4igS —#

al., Persoonia 43: 63. 2019
adle b (Lwg) IS asy, 31 SCUA-Nem-A6 «lax>

bame 55, LasSy [had (Y JS8) ad gilulaz (Saews
as ol ,F ole 4z 0 YA /0 sl 5 S50 ,0 PDA cuis
29) Tl )d &5 5 0l (S o3Il e e Ve ) it
@ bl iy srh SA Sy ghe 09 ) e
Sy PDA (59, el phisl 5 o5 4l b ()b
@ 2lpnasS Joke Wo)S praniSy) See 5 oSy S o
Siss psraaiSy,Sle ool adlicly 5 adldgie &5
S ol b oS glil b Glos o b ye o)lgpo Y-0 (sl lo
L S5 e b ol b sl 5 s e ] Jolo
‘1,5 Sloss o9 LS"’)'C o)‘%o =Y l.&ﬁﬁ.h.\.uSs)Ln Mbsa
odalin g JSid jorwaanedS 4e5 opl jo wal LSS
VOIY — YAV x (YV8=) YIYE — O/F lapgranSs,Sle ot
£V x YRR £ /A0 e Sl b il «jleg Sae
X VIOA = Y1A) woy0 A0 liaebl o3l o yies,See VA/BD


https://www.gbif.org/species/2762680

f.

VFer () Ve ol | Sl 5alS 50 (60 9,5 sla unghy

F. nanum MM Wang, Qian Chen & L. Cai FIESC 17
s FIESC 9 jlesgs sl F.scirpi FIESC 25 yleags (sl p

F. sulawense Maryani, Sand-Den, L Lombard, Kema &
O’Donnell et al. 2012; ) FIESC 16 lsgs (sl,» Crous

Villani et al. 2016; Santos et al. 2019; Wang et al.
L IRAN 3498C qlom sl pl o .aiies (2019

oSS ol 5o vgzee ol Glaplesgs Sl plaSme
Gools [0 &5 basl gw)p a5l g aid ganadys

B9l Sy 2l5Hls was 48 S e

O’Donnell et al. 2012; Villani et al. 2016; Santos ) <.l
(et al. 2019, Wang et al. 2019; Xia et al. 2019
olii L5 Ldossay ;56 wlul ,» O’Donnell et al. (2009)
ol slr @l pledgs YA (55 4l vz (e
FIESC S0 ylesgd g9 ol a lams 9 00,5 b yme (wSLaS
FIESC 4 (F. citri MM Wang, Qian Chen & L Cai) 29
F. mucidum JW Xia, L Lombard, Sand.-Den., XG ) 30
4 (O Donnell et al. 2012) w5438l |, (Zhang & Crous
F ) FIESC 31 Ll)ls a8 olades cpl asll
ol 5l Asw au> (6l (Kotabaruense N Maryani et al.
Wity SN 55y oeeSPsSes MiSas & ShoS
9o Torbati et al. (2019) .(Villani et al. 2016) o 3,0
sbagw sl FIESC 30 4 FIESC 29 Ll5,ls aseS
aS s )5 8 ,e0 Basidiomycetes slaz )8 5l onds (g5lulos
lils 4 olaas Wang et al. (2019) vy bayguw oyl
F. persicinum JW Xia, L Lombard, Sand-) FIESC 32
Maryani et .o% 48,5 ks 5 (Den, XG Zhang & Crous
FIESC 33 oI5l 455 g0 alin clidss Lo al. (2019)
FIESC 34 4 (F. humuli MM Wang, Qian Chen & L Cai)
Sk SaasS 3 Kus sshaes wiosl oSS ol
F. arcuatisporum MM Lolss pSdeoS™ ol )0 ool 3 yae
F. FIESC 7 logs sl Wang, Qian Chen & L Cai

caatingaense ACS Santos, CS Lima, PV Tiago & NT
FIESC 20 logs (sln Oliveira

F. compactum
F. FIESC 3 lLsgs ln (Wollenw.) WL Gordon
F. hainanense MM [FIESC 14 lsgs sl, equiseti
F. FIESC 26 lsgs sl Wang, Qian Chen & L Cai
oledgs sl ipomoeae MM Wang, Qian Chen & L Cai
F. irregulare MM Wang, Qian Chen & L. Cai FIESC 1
!y F. lacertarum Subrahm. FIESC 15 jlesgs (sl
F. luffae MM Wang, Qian Chen & FIESC 4 leogo
F. pernambucanum ACS FIESC 18 l.sgs sl LCali

olesgs (sl,s Santos, CS Lima, PV Tiago & NT Oliveira



) Fusarium gbaigs o lwlas /o) Son g (s

LopgsaSy Sl 5 oadls da,gisyass .B-D PDA g5, atdlods, o5, i 5, A [Fusarium gracilipes <55 .6 Jsi

Figure 5. Fusarium gracilipes. A. 6-days colony grown on PDA, B-D. Conidiophores, phialides and macroconidia.
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Figure 6. Fusarium sp. (IRAN 3498C). A. Root rot symptoms of the canola seedling, B. 6-days colony grown on PDA,
C. Phialides, D. Macroconidia.
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Figure 7. Fusarium tanahbumbuense. A. 7-days colony grown on PDA, B-D. Phialides and macroconidia.
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