[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.22519270.1399.10.1.11.2]

[ DOI: 10.52547/pps.10.1.42 ]

(YYDV-AYY+ iz LLs YOAA-FYRel GLLi) BLS clidiis lows il
A4 oo 3 b o) ol cops JUw

Plant Pathology Science (elSSN:2588-6290, pISSN:2251-9270)
Vol. 10(1), 2021

Research Article
Smuts of poaceous plants in Markazi and Lorestan Provinces of lran

BAHRAM SHARIFNABI}, REZA RAGHEBI}, FARIBA GHADERI %
1- Department of Plant Protection, Isfahan University of Technology, Isfahan, Iran
2- Department of Plant Protection, Yasouj University, Yasouj, Iran

Received: 31.05.2021 Accepted: 04.07.2021

Sharifnabi B, Raghebi R, Ghaderi F (2021) Smuts of poaceous plants in Markazi and
Lorestan Provinces of Iran. Plant Pathology Science 10(1):42-63. Doi:
10.2982/PPS.10.1.42.

Abstract

Introduction: Poaceous plants such as corn, wheat, barley, sorghum, oats and millet are

an important part of agricultural ecosystems. Smuts are one of the most important
fungal diseases of these plants, which often cause economic damage and the destruction
of part or all of their yields. Materials and Methods: Poaceous smut infected plants in
farms and pastures of Markazi and Lorestan provinces were sampled. Morphological
characteristics of these fungi and their germination type of teliospores were studied with
bright field and fluorescent microscopes and identified using valid keys. The
phylogenetic relationship of these fungi with other smuts was also investigated based on
ITS-rDNA region sequencing. Results: According to the type of host, morphological
characteristics and mode of teliospores germination 12 species vs. U. maydis, U. hordei,
U. turcomanica, U. avenae, U.nuda, U. bromivora, U. cynodontis, U. tritici, Tilletia
laevis, Tilletia controversa Sporisorium reilianum and S. cruentum were diagnosed. The
morphological characteristics and phylogenetic relationship of these fungi with other
smuts are described. Conclusion: The smuts of poaceous plants in Markazi and
Lorestan provinces include eight species of the genus Ustilago, two species of the genus
Sporisorium and two species of the genus Tilletia.
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Tablel. Characteristics of Ustilago, Sporisorium and Tilletia species isolates used in
phylogenetic analyses in this study.

Species NCBI . Species NCBI .
Accession No. Accession No.

Sporisorium cruentum MH114989" S. atharticum AY344971
S. cruentum MH114990 S. cenchri AY344972
Tilletia controversa MH114991 S. chrysopogonis AY344973
T. controversa MH114992 S. cruentum AY344974
T. laevis MH114993 S. destruens AF045871
T. laevis MH114994 S. sorghi AF038828
Ustilago bromivora MH114995 S. reilianum AF135432
U. bromivora MH114996 U. avenae AY344997
U. cynodontis MH114997 U. avenae AY344996
U. cynodontis MH114998 U. bullata AF135423
U. turcomanica MH114999 U. hordei AY 345003
U. maydis MH115000 U. maydis AY345004
U. maydis MH115001 U. maydis AF135431
U. tritici MH115002 U.nuda AF135430
U. tritici MH115003 U. tritici AF135424
U. nuda MH115004 U. cynodontis AF038825
U. nuda MH115005 U.turcomanica AY345010
U. hordei MH115006 U. bromivora AY740064
U. hordei MH115007 T. vankyi EU257587
U.avenae MH115008 T. vankyi EU257585
U. avenae MH115009" T. brevifaciens EU257565
T. goloskokovii EU257569 T. brevifaciens EU257566
T. goloskokovii EU257568 T. bromi EU257555
T. trabutii EU257581 T. bromi EU257557
T. trabutii EU257582 T. caries EU257559
T. laevis EU257573 T. caries EU257560
T. laevis EU257571 T. contraversa EU257561
T. lolii EU257575 T. contraversa EU257562
T. lolii EU257576

*MH114989 and MH115009 Cited from this study
Jleys L Bayesian inference g, ;I eolanul L Ssjshd >0 4 (Kimura 1980)
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Figure 1. Sporisorium cruentum A) Sorus on Sorghum halepense B) Teliospores and
sterile cells C) Teliosore in fluroscent microscopy D) Teliospore germination and
formation of basidium and basiospores.
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Figure 2. Sporisorium reilianum A) Sorus on Sorghum halepense B) Teliospores and
sterile cells C) Teliospore germination and formation of basidium and basiospores D)
Teliosore and sterile cell in fluroscent microscopy.
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3- Ustilago avenae (Pers.) Roster.
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Figure 3. Ustilago avenae A) Sorus on Avena fatua B) Teliospores C) Teliosore in
fluroscent microscopy D) Teliospore germination and formation of basidium and
basiospores.

4-Ustilago bromivora (Tul. & C. Tul.) A A. Fisch. Wahdh.
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Figure 4. Ustilago bromovoria A) Sorus on Bromus tectorum B) Teliospores C)
Teliospore germination and formation of basidium and basiospores D) Teliosore in
fluroscent microscopy.
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Figure 5. Ustilago cynodontis. A) Sorus on Cynodon dactylon B) Teliospores C)
Teliosore in fluroscent microscopy D) Teliospore germination and formation of
basidium and basiospores.
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Figure 6. Ustilago hordei. A) Sorus on Hordeum vulgare B) Teliospores C) Teliosore in
fluroscent microscopy D) Teliospore germination and formation of basidium and
basiospores.
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Figure 7. Ustilago maydis. A) Sorus on Zea mays B) Teliospores C) Teliosore in
fluroscent microscopy D) Teliospore germination and formation of basidium and
basiospores.

8- Ustilago nuda (C.N. Jensen) Kellerm. & Swingle

A A JSE) seboe o gl anSle o] sl gl 4 s Jlal | baslow sles z,6
4 hle losed 55 4 gl oy o (yans b 59,5 Loy se)S SISl 4 Lo pmsls
LQQT o)'\..\j‘ WP V-Y 0N P99, GJ JJ.E Y 9 Sry )Lm.a GLQ)B Lg‘)b (SF)
Sz peauil LSle 5 5l og e ,See OIF-VIY (OJA E+/SA) X FIA-FIE (OIA £ -/FY)

bl ©lisd 5 obley> )0 92 g9, 5l @iz ol o (B-D A US5) wylge 2529 4 slasly
2 olelis g
9-Ustilago tritici (Pers.: Pers.) Rostr.

w3gll gladis slaades Gialow 5 zoys by 4l LS (lyee loazdiin (9,0 )8 sl jom
S5y obw 8,5 4 howd g A, ol AdgS jemme slitinl 4 o] slacend oled 45 09l oo 0aud
o3l ol osmline (sl sl Lol o)l520 (595 5 sy o8 Bk o 40 a5 gy 4 bl
LSla 50w 5 ol 5 uSo3lal yieg,Sie FIAZYIY (DY £4/VY) X F-A/A (OIF £ +/AA) Loyl
ol 2 (CD A S8 ogdicad 3l sl Iy Wl o979 4 Jske Sz el
9 9,59, acly wbls,s ;I Aegilops triuncialis 4 Triticum aestivum slaassS (gq, 51 Gubios

20,5 ol ¢ gilelas ST

53


http://dx.doi.org/10.52547/pps.10.1.42
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.11.2
https://yujs.yu.ac.ir/pps/article-1-336-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.22519270.1399.10.1.11.2 ]

[ DOI: 10.52547/pps.10.1.42 ]

AR s 5 5l o) ol s Jlo AL (oliis Lo il
Plant Pathology Science Vol .10(1), 2021

poas (C o,smwsds Hordeum vulgare (B oL3 (55, ,s (A :Ustilago nuda A S
ool JSAT 5 Horwsels (Sialsm (D jommsels S jold (9509 S

Figure 8. Ustilago nuda. A) Sorus on Hordeum vulgare B) Teliospores C) Teliosore in
fluroscent microscopy D) Teliospore germination and formation of basidium.
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Figure 9. Ustilago tritici. A) Sorus on Aegilops triuncialis B) Sorus on Triticum
aestivum C) Teliospores D) Teliospore germination and formation of basidium.
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Figure 10. Ustilago turcomanica A) Sorus on Eremopyrum bonaepartis B) Teliospore
germination and formation of basidium C) Teliospores
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Figure 11. Tilletia controversa A) Teliospores and sterile cells B) Teliosores and sterile
cells in fluroscent microscopy C) Teliospore gelatinous sheath using 30% indian ink
suspension.

69,5 Lo b 55,5 JICol & g L1y sleSla b bglses 5 15 slaws 4y 136 slo Jobos 0 (5 u50 ]
SVAE (VEE £V E) X AVY-VE Q08 £1/0V) slal 4 5 25V D 5 Blo o,lgss sl ls oS
Triticum (g9, 3l ipgim o=l 5o 7,8 o=l (A-CA Y i) ol (6,5 ojlail jeg S VY/A

5,5 bl 5 slolid wglleS-alla 5 5l (pasS) aestivum

12- Tilletia laevis J.G. Kihn
@ bygewgi (A NY JSD) ailoads cadisy bpgls lawgs g ailoads ablal OIS 5 lawgs o gu

OBy S5 B by, Sloged Ky 4y s Wiz b e 05 598 Los 59,5 JISA
ooyl bl o obgS Job o Gl cdél Sopm g Blo b ygwgds o)lgs 6085 camlin
Oimmed D (6 o3l ey Se AA-VEIF (\Y/EQ £ VA) X AIA-YYIE (OY/Y £ V/Y+)
o) gssels b ol yod 155 sloJslos o 0syd 1, kb & ygo s by slasls ails b gosels (cgime
2og S3b g Blo olexs s 5 wlaiel b (59,5 « Ky Ygore a5 o) 5 L 1S slaws 4
G5 o3l A-VE/D (Vo1 £ V/E0) X Y-VE0 (O) £ V/Fe) L sla Sl slal ays 5 somlice
03ls Lasidd g sl bl —lais 5l puiS (5o, 5l GioS (pl )3 (B-D AT JS8) ek

A

56


http://dx.doi.org/10.52547/pps.10.1.42
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.11.2
https://yujs.yu.ac.ir/pps/article-1-336-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.22519270.1399.10.1.11.2 ]

[ DOI: 10.52547/pps.10.1.42 ]

OLSen 5 (ool y5 Olrl Ol 5 635 0 sl o POACEAR o5 (LS slaSalws
Plant Pathology Science Vol .10(1), 2021

I 4 D
5 b,gewg i Jjaile> (B Triticum aestivumols (gq, ,ow (A :Tilletia laevis \Y S

Ll Glle Cas j5ld (o98wg Se nugal (D 5L 5 Ll sloSle (C jgrmgi003l 9 poacasb oS
Figure 12. Tilletia laevis. A) Sorus on Triticum aestivum B) Teliospore germination and
formation of basidium and basidiospores C) Teliospres and sterile cells D) Teliosores in
fluroscent microscopy.
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Figure 13. A phylogenic tree of Ustilago and Sporisorium species inferred from rDNA-
ITS from 35 taxa: Bayesian posterior probabilities (PP) value is indicated above on
branches (Bar indicates the nucleotide substitution in Bayesian inference analysis). An
isolate of Tilletia caries was used as outgroup.

Bays 5 obdl 09,5 5z «l)] lgie & 55 Sporisorium sorghi (Ustilago hordei 455

OF )

58


http://dx.doi.org/10.52547/pps.10.1.42
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.11.2
https://yujs.yu.ac.ir/pps/article-1-336-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.22519270.1399.10.1.11.2]

[ DOI: 10.52547/pps.10.1.42 ]

OLSen 5 (ool y5 Olrl Ol 5 635 0 sl o POACEAR o5 (LS slaSalws
Plant Pathology Science Vol.10(1), 2021

99 [ AFO38828. Sporisorisnm sorghi (1)
% Ay345003- Ustilage hordei (T)

99 Eu257575. T lolii (1)

1 EalSTST76- T. loli (T)
Eu2S7566_T. tvevifuciens (T)
Eu2S7565 1. brevifaciens (T)

87,{{100
Eu2S7562 I. controversa (T)
A3 T. controversa

Ea2S7S61_T. controversa (T)

100

A4_T. controversa
85
- Eu257557-T1. bromi (T)

Eu257581. . frabuti (T)
Eu257582- T. trabuil (T)

94

AS- T laevis
Eu2S57573 7. laexis (T)

| Ew2STST1_T: iaevis (T)

|| AG- T. laevis

D1
|| En2STS560_T. caries (T)

d

Eu2S57559 _T. carles (1)

Eu2S7569 I. geloskokovi (T)

Eu237568_T. goleskokovi (T)

99
Ea2STS87 T: vankyl (T)

0.03 81| pu257S85 7. vamkyi(D

L Tilletia sbeassS 3l 41,123 IDNAITS _olg Lolol s o0l pon 5§ (Seijokd o0 N s
Bayesian posterior e caumslis asls e YL slael :Bayesian inference o,
omb bide b g (sugeilSs oKl olass basls Jgb) wil . probabilities (PP)
09,5 1> olexe 4 Sporisorium sorghi Ustilago hordei slaaisS .(cuwl oo ools )Lis 0,2l

Ll 00l Sl

Figure 14. A phylogenic tree of Tilletia spp. species inferred from rDNA-ITS from 23
taxa: Bayesian posterior probabilities (PP) value of Bayesian inference analysis is
indicated above on branches (Bar indicates the nucleotide substitution in Bayesian
inference analysis). Two species Ustilago hordei and Sporisorium sorghi were used as
outgroup.

Discussion =y
o3 Jlgil Slo owlidicdn, g oy (Fhs b p Selaw iz ;5 4355 poghe aALLIS 5o
3 balas S g asS (i adkid lp ITSIDNA 4>l a5 ool ol 09l LI cul
o) g o,5 .( Bakkeren et al. 2000, Stoll et al. 2005) <ol oolaw! LB Ustilago ..
ITS- a>U ;I Ustilaginales aiul, Saluw oz, Saseld blil s Cyo (Y00 0)

59


http://dx.doi.org/10.52547/pps.10.1.42
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.11.2
https://yujs.yu.ac.ir/pps/article-1-336-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.22519270.1399.10.1.11.2]

[ DOI: 10.52547/pps.10.1.42 ]

AR s 5 5l o) ol s Jlo AL (oliis Lo il
Plant Pathology Science Vol.10(1), 2021

Sl w2 5l 1) g 05 e cllll sl pl a5 wols ol ¢ wis,S colaiwl IDNA
.(Bakkeren et al. 2000)

cewliiesy ) Ll 5l UL tritici (A15 4 Al4) 3 U. nuda (A16 § AL7) wlax 95 o gl cpl 5o
Sl I 55 ol wiogy alie SlS wS oo sl hies 55, 4 lailas 5 Sl S5ails> oo
855 99 ol SSE o e g5 Yaiod o wogy Sglite ises £33 5 Slpee atels a5 I a5
Ustilago 5 pouS a4 ogame yidos Sl aels Bl 51 UL tHtICT 4565 il ails i wilgs oo
90 ! SIS ,0 Wilgs oo byee g9 aS 0L o Agropyron sp. ¢ Hordeum sp. 4 s5ue NUdA
5 Al7) 5 U. hordei (A18 4 A19) wlox>  yimen (StOll et al. 2005) wil atsls i a56S
o550 5 Al (owliicsn, Clogas Lld 5l Js alie by g5 L 5l U. nuda (A16
WS 4 Cerns As5 pl 538,5 L5 s LY 5 S Wlgl e 45 wingy alie SalS 5 jailex
i £95 5 il o wwlis g5 uliiosy, Sleogas 5l il U. nuda
ITS 4ol JIg anslio | Jol> mls awies Sglite Sls U, hordei 4 U. tritici slaalus
Seield alal, Blod 5l aig aw (pl aS by lid Gaiss ol o Ustilago wi> 4565 4 by ye
Seokd alaly wyp Glp aS (Veer) Olea 5 0 @ Loy Wedee b pa
el calas ws,S eolatwl ITS-rDNA =L ;| Ustilaginales al, slbSalow
.(Bakkeren et al. 2000)

S Bad SSE vo 5l ITS-TDNA a>b 5l ooliul L Ustilago > sloaiss ings cnl 5o
oLKen 5 Klg . Stoll et al. 2005) ol cilae o Ken 5 Jgwl gl b Gubos cpl gols
455 5l el bag )8 5l (6 )loms (Sujskd alaily (esd 61 ITSTDNA b g (5 2o 51 (V21 )
Sglae biee 95 5 wlis o Sjailex o wliiicy, Sluogas Ll 5l as U. hordei 4 U. tritici
(Wang et al. 2014) culs calle Wl mls L Gudos opl zls a5 w5 eolatwl Koy
DNA Jlg «b , Tilletiales acwl, Scssels 56T 0 (Yo 0) oL, 5 g pJiwlS puioon
sloaiss Jols 24,5 pooideae o, ;5 slacl saS osyll Tilletia spp. ols Lzs (NLSU)
ol 05 g0 ol (Bl gl jsmsianl Wl (o) allsz 5l a5 isls S e sleSTe gl
Gl sloyguSl s o (B £95 NLSU 4 o4 T.caries, T.controversa 455 g0 Julls 09,5
(Castlebury et al. 2005) ol ;yLis 09,5 ol ,o Ll bls )l § St Sl

60


http://dx.doi.org/10.52547/pps.10.1.42
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.11.2
https://yujs.yu.ac.ir/pps/article-1-336-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.22519270.1399.10.1.11.2]

[ DOI: 10.52547/pps.10.1.42 ]

OLSen 5 (ool y5 Olrl Ol 5 635 0 sl o POACEAR o5 (LS slaSalws
Plant Pathology Science Vol.10(1), 2021

5 as Tilletia iz 4 bgiye cloaist IDNA- ITS amb oluly b Jlgs 56T aslllas ol o
A8l (2001) ()yen 5 o) bt b gl (nl &5 3505 SIS it alie (So3903 90 Hlas
03gll sladslaz o 0 ITS amb jo 1) o5 @oles o Jlg 5 JBT a5 wisls ylas gyl cail oo
Sile oldlas 0ls wiies alie Siislsdyze b 5l a8 Tilletia w4 bgyye poiS ooiss
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(McDonald et al. 1999) wogss 3350 ITS >lg j0 oals cbla> slyiand

Seisks Sl gl RPB2 5 wisls oles glaslllas b 56 (VoY) oLas 5 w,S
Slp oy izl Ll il oo Segite ITST >lg b Cud g 009 LIS g oo Tilletiales o,
Loog,5 cnl 3Gl .05o,S oolaewl Tilletia i o lwossS 00isS ool G035 (sloaiss anslio
5 e bbe 00ssS onglT T.cONtroversa slaalos as ols Las ITS, EFla, RPB2 l solaul
o akied plaie pasS 0aiS oogJ] T.caries, T.controversa, T.laevis ;I Sy blsd 5l soss
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(Carris et al. 2007) o lazx pai3 o0sS eogll a3g¥ a5 Uity a5l oo 4z 5 LS

=

Conclusion PO S
oz 5l aieS cue Juld nliw ) 9 635 e slapliul ;o Poaceae o,5 bl sl Salws
A Tilletia s 5l aisS g0 4 Sporisorium . 5l as8 4o Ustilago
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