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Summary

The order Saprolegniales includes pathogenic species of aguatic and terrestrial plants and aquatic animals
including fish. These straminipilous fungi play an important role as a decomposing component which participatesin the
destruction processes of organic substrates and self-cleaning biological processes in freshwater ecosystems. In this
study, samples of brown decayed twigs, leaves, woods and infected spawns from various places of Fars province
(Bahreghan, Bereshne, Dalkhan, Kaftrak, Polekhan, Sepidan, Seyyedan, Sarbast, Tang-e-Sorkh, Tang-e-Tizab, and
Sheshpir) and Kermanshah province (Bisotun, Harsin, Paveh, Sarab Sahneh, and Sarab Qanbar), Iran were transferred
to the laboratory during the fall and winter 2017-18. Species were identified based on morphological and morphometric
characteristics of sexual and asexual organs as well as the physiological and phylogenetic studies. Identified species
were sequenced based on the internal transcribed spacer (ITS) region of rDNA and were analyzed phylogenetically by
maximum likelihood method. Six species of Saprolegnia and one species of Achlya were identified including:
Saprolegnia parasitica, S. ferax, S anomala, S. aff. australis, S mixta, Saprolegnia sp., and Achlya americana. Since
Saprolegnia aff. Australis, and Saprolegnia sp. which were isolated from decomposing organic materials, were not
related to any previously reported Saprolegnia species, therefore, they could be new species of Saprolegnia.
Saprolegnia anomala, S mixta, and Achlya americana were new to Iran mycobiota.
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Fig. 1. Morphology of Saprolegnia species isolated from.Fars and Kermanshah provinces (Iran): A. Saprolegnia ferax
isolate 165: Al. Cylindrical oogonium with aplerotic. oospore, A2. Mature filamentous inflated oogonium with
diclinous antheridium in the base of oogonium, A3: Immature oogonium, A4. Pyriform oogonium with alot of oospore,
A5 & AB6. Cylindrical sporangia (Bar = 50 um); B. Saprolegnia aff. australis isolate Sa2-2: B1. Sporangium with three
long discharge tube, B2. Zoospore release and cytoplasmic discharge from sporangia, B3, B4 & B5. Various types of
sporangia in the new species, B7. Oospore &' diclinous, paragynous antheridium, B8. Oogonium & antheridium (Bar =
100 um); C. Saprolegnia parasitica isolate De-S1: C1. Immature & cylindrical sporangium, C2. Zoospore release and
cytoplasmic discharge from sporangia (Bar=50 pum).
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Fig. 1 (contd). D. Saprolegnia mixta isolate S-gh-8: D1. Filamentous inflated and branched sporangium, D2. Spherical
oogonium with diclinous and bell shape antheridium, D3. Cylindrical sporangium with an operculum, D4. Cylindrical
sporangium (Bar =100 um); E. Saprolegnia sp. isolate S-gh-22: E1. Spherical oogonium with monoclinous and
filamentus inflated antheridium, E2-E4. Filamentous inflated sporangium (Bar = 100 um); F. Saprolegnia anomala
isolate B2-sap: F1. Thick-and cylindrical sporangium, F2. Elliptical oogonia with diclinous filamentous and branched
antheridium, F3. Immature oogonium, F4. Discharged filamentous sporangium (Bar = 100 um); G. Achlya americana
isolate S-gh-32: G1. Discharged sporangium with a lot of zoospore, G2. Monoclinous antheridium and oogonium,
G3. Oogonium with oospores within the oogonium (Bar = 50 pm).
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Fig. 2. Phylogeny of the Saprolegnia spp. isolates in Fars and Kermanshah povinces (Iran), together with 18
Saprolegnia species based on the internal transcribed spacer (ITS) regions of the rDNA in maximum likelihood tree.

The numbers at the branch points indicate the percentages of bootstrap values=50.



21Y) WWAA (Y il g /o s30T sl gl sl Lol 5 (s3llas [ Lo ool ool bgie o L

olisle,S o (w)ld slagyliwl 5l oo lax Achlya 4 Saprolegnia sleaiss -) Jous
Table 1. Saprolegnia spp. and Achlya spp. isolates collected from Fars and Kermanshah provinces (Iran)

Taxon Isolate Substrate Date L ocation Coordinates ANCCOD
umber
Saprolegnia parasitica
o mhes ez CGSpdn gL
W mhes azan PGS @I
w9 mhes e RSN gERE
v mhes apan PGS gEm
w6 mhes e RSN gERm
w6 Rews ey FESMR wEom
S mes aan TGN SEUEL
Sp8 Fishkin 4122017 Farsiéﬁp%,?f‘”' 03502:20563?._107%.!\& )
wo  FEENpump  FrSedn (g
e = - N
Dell Fisheggs  4.12.2017 Farg alslfﬁ;ﬂa”' 03502205580(?575’\:5 )
Del2 Fisheggs 4122017 | WFEIS Semdan, e ]
Saprolegnia ferax
91 byt SIDT(frsSpin  owzen
2 oywieg IO, Fetsgin  wmEon
5 Dmaellenes I FasSpen guow
1 ochwiee SO Fersmin  wmEzoy
159-5 Decayed leaves 6.1.2017 Fargar S%p;gtan (1)35();}0212;3?6NE MH644828
165-1 Decayed leaves 6.1.2017 Fa|r3s;\r ﬁgﬂnan (?505"24?7509;6l\|lz MH®644829
2 Ol SISV Fassmin  mesy
59 Dmmmiowes 0LV Fessmim  oasew -
Saprolegnia aff. australis
Sao-1 Decayed leaves 18.1.2018 Kerrsnaz:]nnsgah: %Zi&i35230§3l\é -
Sa0-2 Decayed leaves 18.1.2018 Kerrsna?qnns:ah: 2471323523051;\:5 -
Sa0-3 Decayed leaves 18.1.2018 Kerrsnaa;]nnsgah: %‘;ﬁSSéOéLBI\IIE -
Sa0-4 Decayed leaves 18.1.2018 Kerrsnaa;]nns:ah: 24713235230;;\:5 MH644831
Sa0-5 Decayed leaves 18.1.2018 Karsnaa;]nnsgah: %2335230;3% -
Sa2-6  Decayedleaves 1812018  Kermanshah: 34293200 N )

Sahne

47°41' 53.63"E
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Table 1 (contd) (a0ldN) Y Jgu
Taxon I solate Substrate Date Location Coordinates ANZC:D
Saprolegnia aff. australis (contd)
Sao-7 Decayed leaves 18.1.2018 Kermanshah: Sahne 2;?2&193;23%2% -
Sa2-8 Decayed leaves 18.1.2018 Kermanshah: Sahne 2;1:233523%4;?5 -
Saprolegnia mixta
Sgh-1  Decayedleaves  20.1.2018 gaaagjac];ﬁgnagiar jﬁ:gg fg%g:.NE ;
Sgh2  Decayedleaves  20.1.2018 garera'l;‘_%"ﬁgnaggr 2;‘:32.' Ejg%(;.'\é ;
Sgh-3  Decayedleaves  20.1.2018 garaaﬂfé;”ﬁgnaﬂ;r 2;1:(2)3' fg%g:.NE ;
Sgh-7  Decayedleaves  20.1.2018 gareragznﬁgnaggr %:Sg.'i%%(;,'\é ;
Sgh-8  Decayedleaves  20.1.2018 S*;%‘_%”ﬁgnag;r 2;‘ gg.ﬁ%%g:.'\é MHb644832
Sgh-9  Decayedleaves  20.1.2018 gareragznﬁgnaggr 2?533'33%3:-'“5 )
Sgh-15 Decayedleaves  20.1.2018 S*;%‘_%"ﬁgnag;r j’;‘: ggi%%g:.NE ;
Sgh-16  Decayedleaves 20.1.2018 garerag%”inag;r Z’;‘:Sg.'i%%(;.'\é )
Sgh-18  Decayedleaves  20.1.2018 Sﬁre;r&%”inagar j;‘:gg’jggﬁi.’; ;
Saprolegnia sp.
Sgh-19  Decayedleaves  20.1.2018 gﬂig%rﬁgn aEar Z’;l: Sg TZO;;NE i
Sgh2l Decayedleaves 2012018  Semershe palbeibugci ;
Sgh-22  Decayedleaves  20.1.2018 S*;rerag’_aG“sgnaE;r 2;‘: gg i%%g:,NE MHb44833
Saprolegnia anomala
Bl-sp  Decayed leaves. <4:2.2018 Keginsao'gr‘]ah: i‘;f;;.zgfgfg )
B2-sap Decayed leaves  4.2.2018 K elrgrirgtlz?]ah: 3;!;"022%25)062? MH644830
B33-s  Decayedleaves  4.2.2018 Keé?;’:ﬁ?]ah: 31.:;2236,;'2%32':2 )
Achlya americana
Sgh16 Decayedleves 2012018  onrashan o sa N ]
Sgh20 Decayedleaves  20.1.2018 S‘;fégjg”ﬁ;‘fg;r 2?:32: i%%(;:.NE )
Sgh3l Decayedleves 2012018  onranshan S osse N ]
Sgh-32 Decayedleaves  20.1.2018 S';f;g”g”ﬁ:na'gar %:gg.'i%%g:.'\é ;

*GenBank accession number for internal transcribed spacer (ITS) of DNA
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Table 2. Comparison of morphological and morphometrical characteristics of Saprolegnia spp. and Achlya spp. isolated

from Fars and Kermanshah provinces (Iran)

. S. aff. Saprolegnia S. A.
Char acter S. ferax S. anomala S. mixta australis .y parasitica americana
Hyphae |
g‘ga?jm) 10.642.46  29.73+5.64  38.96+0.89  174.0943.92  57.742.22  48.42+2157 87.83+35.35
Range (um) 7-15 20-40 38-40 167-181 54-62 20-87 30-159
Sporangia
Shape c C Fl Fl Fl c C
g‘ga?sm) 46.51+13.06 154.2 328+108.16 236.56+30.46 323.83+64.67 77.96+16.65 339.14+95.44
Range (1m) 2273 143.1-162 125-488 175-300 214-247 44-100 179-489
Oogonium
Shape F,S S S E S S s s
g‘ga?sm) 2537¢351 176.18+14.88 151.19+32.48 91.83 07.68£22.97 70.64+6.13 62.43+15.15
Range (um) 20-30 154-205.15  99.11-205.5 70-123 58-135 59-83 35-90
Oospore
Type A A A A A A A
';‘ga?ﬁm) 18124175 21.95+198  17.26+1.88  24.23+359.  286+4.14  2313+209  23.42+2.37
Range (1m) 15-20 19-25.2 15-20 18-31 23-34.2 20-26 19-27

E: Elliptical, F: Filamentous, |: Inflated, C: Cylindrical, A: aplerotic; S: Spherical
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5 S8 Ly g5 (nl oy s Shd e oS ol lis
G i ilelaz azl e ST I Tas (Ve T) G)s8
OIS omesd g onl e Ss s (65508
Slye 51 ol silulaz 3315 ks 5 Sleass a8 ol slelo

Saprolegnia mixta de Bary 1883

8 Ol dilie wolisle)S 5l asS ol claalas
shls ol ans ;) oo brang, () Jgoz) o gjlulos
Olee & poa3iliseml ey Son YAIAZ Jolae (5,k8 (2 Ske
Jsb (eSle sl laxs; g slalyinl sla St a4 gl 2
wligS adss algd 61 ¢ yiag Ko YY-00 ,ad g jtag s YYA
A8 5l b Lo o)l Sl wsphn 5 55,5 poaisSTl
Sl 5 pessSTl o jo sae 0-9 la,geull slaws 10Y/1Q
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aoys Voo g Gliges de)ys A0 L wlas pl as ol las
Gandhe & ) S anomala (DQ322632) 45 4 call
Seiijshd oo 0wl b sl calls (Kurne 2003
saiss LS o allax o)l o wlogl el e
S diclina 4 S mixta EF126339 .S ferax AM228788
il g gey] eluly (¥ JS2) <é,5 |8 EU240107
RPVRRVRSR ) PRI U U Y BNV VIV I COUN 2 B OO
ek ol o olrl Bl Ob e Gl S
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aS (Gandhe & Kurne 2003)  J,s5 ¢ ul5 iegh
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Jsb 9 fueg s AVIBY (20 ¢ ytag Son YIFINY ool jgnsl
eSiln b 5,8 (Shls p5isSTl o 25,500 110 s oy
oSl l)ls g dae A-VY Ly ygunll Slass «jieg Sie AV/AY
lapsrr il posST o 50 oy jieg See YENVY L
o ez soisle cpl g wiog s Cdl 4y g glai,
AV Jguzr 9B ) JS2) Wl LS5 55, Ve cddS

Jolis Sa2 lom ol Sl 4l glaadslSes slows
Sl oL o g ol sszacans g jhiax FAA
doye L gy O wlas a5 ol las 5 SOL
(AM228826) wist & cals aoys A3 5 lises
L owizen 5 (Diéguez-Uribeondo et al. 2007) S australis
(DQ393560) 4555 4y canlis oy A1 g Slihgyee dojo A
oS50 0 wlas ol (Hulvey et al. 2007) Saprolegnia sp.
J18 S augralis (LS o Ll Sl 4l s (Sueld
5 bkl e Glialogy ggasl lol (Y JS2) <85
g ey A3 L Rl 65 cnl sl LSl el ey

g2l lze )3 i ol ladlax (o alls 0925 L
adss Ay b pailomal 5l ooite la Sl g ailaals
WS oy 35 pw)n ol edalie Wl Jhew 5l
L 4 oladisS 590 4o cilize &Ylis o (Khulbe 2001)
psilsel GUSE a5 ol Gli wlend o
W55 (nl 9,50 50 (SeHiokd slasslSly i o 84y e
alols axl Jlg Sl 51 pwyp 050 Alas aStels las
RF Elliott 4565 4 cog390, slohless B ools (cugil 5
ol 50 sais sy 488 & g S oaustralis 1968
Cdge ol i cen s a4 ol ool b
sl Sy amlio .aieols o1 4, Saprolegnia aff. australis
,o S audralis aiss b i ol sbalas aslibscsy,
clhogls a5 oy olas (Elliott 1968) ool s,
Sl G fee 31 97y Lol o i)k sEbies,
shls ragh nl sloala 3580 by je ey Flonnl S
5 S G U slalgial 5l ggiie Gla S b olaps s
N S8) Wagr il Sl Hgewssy 4SS Agd L ete sl
o2l peiliee! S australis iogs o a5 s 0 (B
@ Lo ;500 Dolds canl iyl IS5 glls lads aigS
ooy 1 Xle 098 o0 passSl J0 Sezge (sl gunll Sl
a5 o o el oad S5 00 \F S augtralis o s gl
oyon o 08 Vo & 0l ek sladlaz o olass ol
VYNV ond sy slotlaz 5o pysilysmad Jsb (iln

FAY wlaz pl ol gs! 4ol slase Sy slass
03 SSb SN oL ) JIg cnl 92yt 09 5L i
aoy Voo g Gliges de)ys A9 L wlas pl as ol las
Diéguez-Uribeondo ) S ferax (AM228788) 455 4 caliis
555 4 calis aoys A9 5 Sliges AA L (et al. 2007
S,ls cals (Belbahri et al. 2006) S mixta (EF126339)
» PISEl 4l p e (Seiekd S0 0wl )
S ferax AM228788 claaiss LS o alflar (oL
<35 3 S dicina EU240107 , S mixta EF126339
a5l pliabl s wplialogy Gsasl el (Y JS2)
ogp oy A Ll Ll ol

S OlRl 3k peess sl 855 Gl 9250 il Bl
4s5 Aoy WS @) n i )1 olaile)s ol
SElicsy, b ShenaS ol e (Khulbe 2001)
el 0l 3868 pl caiogi b oliile 57 liwl sladlox
Sl stz 5o gl Jsb oaSln s Cbllas
bl WIS S lake ol 5 Sg yies,Ses FYA olisles
LIl e b mls 45 end 53 ey See VYO-FAA
10V Joleo syl s (ragk ol slaalaz o pegST
VOSRYO 55 ol lolids 05 15 Jlake (nl g 351 yiog S
a0l i (Seiehd slagslSly @l el ey Soe
odd il alols 4l JIgs Sl 5l sy (ol slaalae
S ferax «s5 4 obj b bl o590, Gl 0 L1
S ez 5] i, oSy 5 o p L) il
poeisSTl ol s 53 cal Lot 4 e pasiligensl 5 poisST
S 0 el (350 Yaoro pgray il 5 (59,5 S miXta 4 o
Lo JS8 (I (spim Ysere ponsSTl S ferax o o8
S ferax ;o pejil,eeel (Khulbe 2001) coul (slaslgul
JSo podle S mixta 4s5 [0 (Jg el slaslgin] Vaore
o2 olsS 4l alyd b pysie cslanss, Waolail ol cslalgin
slge 3l 458wl (gilulas 51 L5158l 51 o b comlin
03 ol 5l lagsluloz Cdél 5 ol aiilas 5425 oy JI
.(Khulbe 2001) ¢l

Saprolegnia aff. australis
ol S 5l onti oy Lals 4sF ol glaalan
laslax ol pgrilygueml .V Jgoz) sl Caws 4 (ismo aisy0)
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