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ABSTRACT

During September to November 2010-2012, 17 fruiting body specimens of Armillaria were collected from diverse
forest sites in Guilan, Mazandaran and Golestan Provinces (Iran) and 24 basidiocarp derived isolates were obtained.
Mating tests were performed using 10 Iranian representative isolates and 12 European tester strains of European
species including A. mellea, A. gallica and A. cepistipes. Crossing tests were also used for identification of
interspecific and intraspecific separation criteria. In the mating test of a total number of 360 interspecific crosses,
Iranian isolates were divided into two A. mellea and A. gallica groups. Hemi-compatible and compatible reactions
were found in 126 interspecific crosses. Analysis of crosses demonstrated clear separation for both MFF (mycelial
fusion frequency) and BLF (black line frequency) and also change in culture morphology. Mating data clearly
distinguished three species including A. mellea, A. gallica and A. cepistipes and defined sexual compatibility of
Iranian species with their European counterparts. In spite of close phylogenetic relationship between Iranian A.
gallica and A. cepistipes, it also represented a significant clear cut based on the sexual fertility. The results suggest
that biological species concept in these fungi consist of using both somatic and sexual compatibilities that still can be
used in case of selection of a proper pattern of isolates.

Keywords: Agaricales, culture morphology, fungus, sexual compatibility, somatic compatibility.

* Corresponding author E-mail: fotowhi@ut.ac.i Tel: +98 26 32224022-4


www.sid.ir

VY0 b 9 5mb oF 8)Leds Y 5,90 oyl ) (Si50alS idls YfY

g9 ol ,o a5 (incompatible) 5 ;5L STy ()
9 MS so 2 oo LS 0 (2B S b 90 ST
5 Sy Ngm g bty  Sialea e digF e
Ol S o058 D90 laaiS ol )0 1k (e
A1BL X T L bl aiSen, does ,o 25Ty
ke Sl (VoS Oyee AlLBL
Sl g iiSly g9 opl ;o (compatible)
ClpSy ASn JSaT 4 e 5 95 e D90
5 Slo a4 (fluffy) slac, 5l 4, el 0ed oo
5 baiwe & p>lee WS o yxd (CTUSLOSE) o >
WS oo b 1y ol e anlp ol aSelas
A1BL X Ll T ioSen doeis jo (iSTy ol
a) 55k aes STy (V) 0gd s0 sbw! A2B2
oS5 axas 0 J(common hemi compatible
(f 5,50 Sype ALBL x ALB2 Jlls JI
b-common hemi ) [Eile  aes ST
A1Bl x Pl PT oS5 a5 o (compatible
SiSly F o ¥ slacdls s o9 e pbul A2B1
SSly yo a8 gl ol b sl (6,85l asles
5 o o3k Al S Jsansjsbay S5l
O3 Jgereygbar 4l (nl 0ab o0 S5 alas
Sygots bpgdese bog 0o 2l slopgelins
(Shaw & Klie, 1991) gl oo 008 0051,
e 3G ez 6,5k Ggejl leslanal L
4g5 7y (Korhonen, 1978) Lgjl s <G 5elgm 4355
(Anderson & Ulltrich, 1979) Jles sl el o
a5 oo (Kile et al., 1989) LIzl jo aigS il
ez 0 aigS odyew g (Ota et al, 1998) 5 o
Getod 0 Sl ouls olwlis (Qin et al., 2007)
855 ez 5 gl Jlods 4o 5 8L o ol Jocas
(Dumas, 1998) <l oul glolis SGjslgm
A can albls Gl psthe (nl eizes
oolitsl 5l Jlods 0 "Nag E" Laseial &5 alox
G s &L, (Ota et al, 2009) o
Lg5 b (Asef et al., 2003) |l o sonl Josas
5 A. cepistipes (A. borealis A. mellea :G5¢) g0
el ol olwlid ol 90y 455 90 ¢ A. gallica
A. gallica 5 A. mellea slaaisS sz pl o

-

400

obe ,o Armillaria (Fr.:Fr) Staude .=
ol Lie 8590 (paizr ) Jle slocamwna;l
g W)l adelas (phugy A>pe ez ool sl
oo ol e g sb(Bgesnly) ads e
whF s Sip sy sleegS Sjgen
il alss Jlo oo B oo wiilys e 45 Wigd oo
(Smith et al., 1992; Ferguson et al., 2003) ol
“aSekes by adsas (S B g 9o
oz ol sl oe oalin gl o S 00
5 anils (glos S e diels 5 (bl Lec
Sl 5938l ayle g0l el colazdl Jlai 5l
ol saS S alisslen LY 4 ol
(89 plw) o ,05 S e A gallica wile i
S 4 Kz 3 0oz BaSa sl g adls
Jole glaicas Ao mellea 455 .(Fox, 2000) ol oo
2 S @bl S e bl LS Jlgy e
Davari & Askari, ) col ool B8 yee Juo,l ool

(2005
3 ool b Sislser slatisS w55t
2 weoge il S plsear ($Snel slagsas]
el oats oolizal 2,5 pl ((oosisnSE) oyl
wolis (Hintikka, 1973) Kins b oo
S5 eaelcsa glaaSy (Su5slsdys0s,SLe
ol o)S edalin ) (2B S8l 5 La gl
pgelass «Sypenl T gloietS  laoomlie
Sy S o obnl Spe S b oahe olse
B sl glews il odelcwod  slaaslas
g W 2o Slapglace (e g Slo s ud
Gy Ngdse o 0y (Slosed ) 4y Jgene,sbay
iz S5l Gl B o aS ol lid poores
Loplp a5 (Sielsdyee) solb b slibes,
ol e WS oo s (o xSl
5 25,0 B g A Il 90 wishle slapsilace ol
soaginalil) | Sladen Wisay 5 ks 53 (ubed 5l g
w25 ¢y el e 5 ez (S (hen

1. Mycelial Fusion Frequency


www.sid.ir

v¥Y e disS (B p0 Soiglen LS pathe )l San 5 0 e

A. gallica 4 A. cepistipes slaaisS g
9 it S003 o8 4 sl 550l Bl 4y o)
el gladle jo ((Seiskd) o)l Slidss o
S0 axas BB e ITS dxb Jlg bl o
Fo:se war Glahy, 0 p)l5 4z ST a4 s
EF-1a) WT b Jole o5 Jlgs 5l eolizwl sl
oals Lad 4igS 90l o |y slalaxdMe LLE £4u5
Nl oo 48,5 a5 50 baiss s 4 S 23S
WS oo sl (Gallica) oYL S5 8
.(Anthonin et al., 2009; Hasegawa et al., 2010)
o et Gl o edel Jesd  Guizs o
SSOlas leslanul b oads Slulis SG5e0m slaaiss
sl osismy sy Iy oezes 5 AFLP
So5dem slodisS 59,0 (Kim et al., 2006) wiloas
a5l eolewl bocpm 0 0dl b_:l...uL»...;
3..»5} 5o uaML: LngA;?f 9 6 3y @‘))Lu
(Coetzee et al., 2015) v8,5 s> A. gallica

1o 3925 lpl Ho Slol,é 4 Armillaria 4> 31
2B ol 090 4o (Sl gl Sledbl g
B0 j90 SO d Sl i 0l
ol b a4 (2003) Asef et al. lawgs saspll
A. borealis A. cepistipes ol g5 Lo
el 00l glulis oyl 51AL gallic o A mellea
slass alubd Ay 0 6N oy &
el 2855 Syge Olplys ez nl Sdlen
5 Gomb ekl (Sidan LS pwyp S
o Sl o aaieS i sla ol Ol
A sy S len LSS Sl 5 cud)b
)] (S5 ye0)0 4 ax g b Geizeed ey o0
G20 pl 3l sl L o Armillaria sleassS
Be5 porhe Sobll 9 05 890 (o) Saa L
Sladss Ay 5 dga> el lp Sglse
Ll cwyp omzen g Jlpl Armillaria
5 A. gallica A. mellea ol sboaisd SGjslgn
Sy (Slpl et slaslas> L Al cepistipes
W Sy g gladels )0 pleal @8 4 WS
Lol 428 5 & 00 Al gallica ddgs jo

o s sbealar Sl gl Sl e i
sl oyl

Korhonern, ) sowl jecay Slidss  pinss ;o
So5edew sloassS (1978; Anderson & Ullrich, 1979
ol odls s o)k ok oyl 5 2l
Ol iz 3l 3l o5 sz o T (g 50 s
S5 yebay i aisMe gl il slaaisS
s NABS X o S cuols o5k
S5 Hlzmen S 0l canlis Lyl Al cepistipes
NABS XI 4 Ls,l A. cepistipes &g5 o 5,55k
B, (Morison et al., 1985) ¢l oo coslive
Bpyr ad 5l oz o pdigel Sy AL 5 550
Olme 155,01 58 (©lympic Peninsula) Sl
Lg,l A. cepistipes &3 1y iz ()55l o of -
o (Banik et al., 1996) <ol ools i,1;5 NABS XI L
NABS XI, NABS X, sladisS Lls )l cw,p 10 o o
L L, A cepistipes 5 Jloi IS, A. sinapina
IDNA iy 5o RFLP S s (wl) g5 o6 sanline
85 Om 2oV Joleo oz )5l (rizmen
59 il 455 90 I NABS XI L Lol A. cepistipes
liime g (ood s ool b BT L
.(Berubee et al., 1998) <ol ool oanlive 35 S0
Sladiss (0 iz e e 4 Sy
A. cepistipes oL, 455 L A, sinapina 3 NABS X
Qo G5 leicay NABS X ¢ Koo 5l lax laaisS -l
(Baniketal., 1998) w35 1,8 ,lasoe

Jlods 5,50 0 Armillaria > slasl 5l o
5 SPlacs, bosplb sl SRy AL
865 9 ob el 09,5 oz 4 (S5l (S
A. tabescence dal> g8y &s5 yizxen A. mellea
a3 § ko allas GGudls) dbgs S lisa
Py ddg> 0 &L pl » .(Korhonen, 1995) wal
;o 3 A borealis 5 A. gemina A. ostoyae slaassS
A. cepistipes A. gallica sleaisS ol dig>
NABS XI 5 NABS X (A. calvescence (A. sinapina
gallica dig> b a4y cabol, digs ad s )3
Pl Ais> sanalyl psgie a5 Jyo wd (Byxe
.(Korhonen, 1995) o, oo a5 45 s o2


www.sid.ir

VY0 b 9 5mb oF 8)Leds Y 5,90 oyl ) (Si50alS idls YYf

sbale was Jite war BT clb b o
Voo Jlabg,e sledyd 9,0 cdeliamod cokie
0o yoV0 gol) 5T e cutS bamo ggl 2 Lo
9 OFm a0 /D GeynSd do,oVh Wl 8)lac
5l o g Worall, 1991) wiss Jie (BT oo j0)/0

INVRWIPSI KVE CIEWIVO W CESR grp PR W)

i 55k g03T
dalcawsdy (>, sloaslox ol 5l Gudos opl jo
5 @lite oldlse gble )l Covie dlas oo
Lb o balas aiad colawl sanled flacay ol ]
)‘ 4.:‘» u,u.w iloads k_JlJL»J‘ b_:l.»_‘a‘).s} alols
ol eanled leeds je0 oldle slaalold
“5}50; s)ﬁj sOlJ.T‘sLE u}s)ubz LJ"QL“ 4.)[5‘;).?' oliJLg
2 &l Jo)l S0l Aoz ez g dae 5 o]
sl Spop oldlezr Aol 5l ()9) oL S
5ol Kislesl slaaslax VY () Jgaz) sileass
5;&“‘)‘0 9 ;by-d ‘éJ.MJo éJL».A uLQ...ﬂ.?u aw;o
FECAWW) s.a.‘!l))é uLW).»O ‘o\)fl.: oKl u’_wL».ino
A. 5 A cepistipes A. gallica &s5 aw ,»
Al eolawl (B bl (6l aslast o> mellea
5 degy ] sl ysas Kilesl slaalie Lo

by 5959 3Mg0

2B stz 5 5)lo paiges
oKL s YA YA e s seole o
OIS el ol sl e lisl aw jo #dly IS0
OledS 5 Geie 5 L9 ohaisle (05,la)
Sl pdiges Armillaria z,8 a5l slaplal
2 50,5 L ool slafusyly 5lel o cd 5 s
S Ko KL o 0 g wad pluls K
5l dolar jebas g ol bl sogdl sla b
Sl paiged oz (55,000 LSS o g0l
Ao Ve Gles o b Waailh e 0l ags
P pdlee Vo s ) SrsS sloaskss
5 ol adile Jold gl (Ggemiliwgn) &l
Gal>) o o )lf] b oo (59, g 40 G C8,
o,V F Jasgis o0V 0 BT ws joF el §lac
O (mmloghy il Slilgws 5 (o Ve
>0 YO loo jo Jolb> oy slosiias ol
00ailsz (sl jgrwgiil Wal (g)lS Gugredis
g oxd I (698 28w See 25 55 (gy Y-V o)

i (6,85l ygesl jo colainl 8 50 slaaslas Y Jsux
Table 1. Isolates of Armillaria used in mating tests

Isolate Locality Host Species Reference
P4 Iran- Guilan-Shafarood Cerpinus betulus Armillaria sp.
M6 Iran- Golestan-Aliabad Alnus sp. Armillaria sp.
V1 Iran-Mazandaran-Nour Dead wood Armillaria sp.
R1 Iran — Golestan- Kordkuy Pierocarya fraxinifolia Armillaria sp.
N1 Iran- Golestan-Abbandan Coprinus betulus Armillaria sp.
H10-9 Iran- Mzandaran-Behshahr Parrotia persica Armillaria sp.
V2-9-2 Iran-Mazandaran-Nour Fagus orientalis Armillaria sp.
V2-3 Iran-Mazandaran-Nour Dead wood Armillaria sp.
V4 Iran-Mazandaran-Nour Dead wood Armillaria sp.
V5 Iran-Mazandaran-Nour Dead wood Armillaria sp.
KK030761/1 Italy-Trentino, Giovo Pinus sylvestris Armillaria mellea. Korhonen (1978)
KK032777 Italy, Trentino, Maso Omeri Corylus sp. Armillaria mellea Korhonen (1978)
KN97081/1 Maderia-Portugal Pinus sp. Armillaria mellea Korhonen (1978)
KK03196/1 Italy-Trentino, Terme Di Comano Pinus sylvestris Armillaria mellea Korhonen (1978)
KN10028/1 Moscow, Bot. Garden GBS Quercus sp. Armillaria mellea Korhonen (1978)
KK03045/2 Italy, Trentino, Tenno Picea abies Armillaria gallica Korhonen (1978)
KKO07008/2 Russia,VVoronezh, Tellerman Forest Unknown Armillaria gallica Korhonen (1978)
KK05297/1 Russia, Mordovia, Sarnask Unknown Armillaria gallica Korhonen (1978)
KK10024/1 Russia, Moscow, ""Loc.vyii Ostorv" Unknown Armillaria cepistipes Korhonen (1978)
KK09043/2 Russia, Siberia, Krasnoyark Unknown Armillaria cepistipes Korhonen (1978)
KK09043/5 Russia, Siberia, Krasnoyark Unknown Armillaria cepistipes Korhonen (1978)
KN03089/2 Italy, Veneto,Monte Grappa Fagus Silvatica Armillaria cepistipes Korhonen (1978)
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Table 2. Mating tests between Iranian isolates and European tester strains
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Table 2. Intraspecific pairing within A. mellea species

Isolate P4 M6
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Table 3. Intraspecific pairing within A. gallica species

Isolate V2-92 V2-3 V4 V5
V2-92 / H H H
V2-92 / H H H
V2-92 / H H H
V2-3 H / + H
V2-3 H / + H
V2-3 H / + H
V4 H + / +
V4 H + / +
V4 H + / +
V5 H H + /
V5 H H + /
V5 H H + /

S5l das i(H) conzs plowl (B () 550t () 5L «(+)
(+) compatible, (-) incompatible, (/) pairing was not carried out, (H) hemicompatible
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(M6/H10-9) A. melle &55 5l alaz g0 s 4185k 2ST9 1D g @ 4(5la3s3 1) 155l 5 (5lioS y9,0) J1 5l sl iaSTy ) S
A. cepistipes 45 5l KN03089/2 Siulo;] &slas g A mellea &55 51 (M6) &lox o 55l 2STly d g€ g

Figure 1. Compatible (Intraspecific) and incompatible (Interspecific) reactions (a) and (b): compatible reaction
between two A. mellea isolates (M6/H10-9), (c) and (d): incompatible reaction between M6 isolate (A. mellea)
and A. cepistipes tester strain (KN03089/2).

Kiolesl Llox g A mellea 455 51 (H10-9) &Llox s )55l aews (23STy Wby a5k 5,500 s slaiaSTy ¥ IS
SIKK03076/1 Siulesl Llos g A mellea 43S 51 (MB) &lox o, 5w iaiSTly d g ¢ A mellea &45 51 KK03076/1

A. mellea &5

Figure 2. Hemicompatible and compatible reactions: (a) and (b): hemicompatible reaction between A. mellea isolate
(H10-9) and A. mellea tester strain (KK03076/1), (c) and (d): compatible reaction between A. mellea isolate (M6) and
A. mellea tester strain (KK03076/1).
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A. gallica &5 3 (KK03045/2) Siulel Llas o (VA) Llax o 5500 LSl

Figure 3. Incompatible and compatible reactions: (a) and (b): incompatible reaction between isolate (V4) and A.
mellea tester strain (KK03076/1), (c) and (d): incompatible reaction between isolate (\V4) and A. cepistipes tester
strain (KK0943/5) and e and f. compatible reaction between isolate (VV4) and A. gallica tester strain (KK03045/2).
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