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ABSTRACT: Phylogenetic relationships were investigated in the mushroom genus Agrocybe based on sequence data
from the internal transcribed spaces(ITS) of nuclear ribosomal DNA(rDNA). Thirty strains including Agrocybe
aegerita, A. grocybe cylindracea, A. grocybe praecox, A. grocybe pediades and Unknown Agrocybe species were sub-
jected for the analysis. The Agrocybe spp. were separated into eight distinct groups. Phylogenetic analysis divided
these species into eight groups as follows: A. chaxingu within group 1, A. salicacola within group I, A. cylindracea
and A. aegerita within group IIl, Agrocybe sp. within group IV and V, and other Agrocybe spp. were grouped within

VI, VII, and VIIL
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HAWMA S (4grocybe) WAL FEWAH (Agricales),
2 AR Bolbitiaceae)dll 431, Agrocybe aegerita,
A. cylindracea, A. chaxingu, A. praecox, A. pediades 5
o] Birx|o] U}, o]F WEF0|(Agrocybe aegerita$t A.
oylindraceays= G2 JAREO|Y ZFE] 7)ol ThaR|o]
Asl= ARE7 Ao ok WAl Zke] AZke o wi= A,
Aeehd Aed e A4e Woh(GB & A8, 1958;
Singer, 1949). ©] WA1e] 8782 Agrocybe cylindracea (DC.
ex Fr) Maire2 58593 JAOVH4B 5, 1997; ©], 1988),
A 5L 4. gegerita (Brig)) Singer{Syn. Pholiota
aegerita} (Singer, 1949)= ™3t v} Ut} o] HALL Sk,
B, 57, 14, okzel7t SR AsLGB] & A,
1958), F-Eluetelld = 1987 7715 35ollA o] WAl A
ool Hgom B7e78 HATHEI, 1988). 1988d0l= ]
& AvHrEel 271eS H7KeE FuiAl BAE R
SlFAHE Jdste], 19890 F7HESAIES AA|
SATHAH %, 1988, 1989). TFE HAlo) H]3le] A2 o)
B 5535 £33 3ol Qlo] thse] 7150l stol WAug Al
A o] &gk AT frdgk miAlo|t). e o] MAl
7|7k oL vl et dEol =ot Aol
HiE o]F 15do] Al erE s7tlA da Al
HA] Esla = Ao )

2003 @A =8 HEAWAE 300FE tdeE o
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579, A o, Aul 717k 5 Al
I FEIE vlwslal 5T At
st BE 7] E4S 2
A staAtshs w52 Mg oego] Wil o|&
710l & A7k =g o] mETE, WEFolol| tigh 7
WA Fo] R R R ALe] vjdE B4, male] €]
FHEA, Al 54 5ol st 2polek tixuldA] o o+
Fobo] A FA F-5 5= I I, 1992; A
T4, 1993)51 gl 18y HrESol= 22 FoE A
Flof Qo w2 Al A S wAl ] Fefol] B2 Zpol7t
AoJA] o]5e] AFE M|Vt o itk Bsk WAl &
T84S A gl A E Ao Feld 5
2 3l o]FoiH 7] ujitol] AFAulE MAlel thgh §<tH
Fej Plavke 2= FEe F7ke] £33 Holg EAse
o] B A7k o] AQE W oohg}t 2] Aokl
SO Z AF w7 S Rt glnt. of9f 22 EAIFS sl
s17] f15te] F2olle EAMIESH WS ARS-SlaL Sl
2 A= DNA ITS F71- B340l &k HmAls B
EFFY FH1E FADAE FHstaAr s
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BESIAL = HAMAIE (4grocybe spp.) ASI 19001~19032
% 304FE AFESITHTable 1). ©]5<l4 ASI 19029
U= (CBS 127.88, A. aegerita)|X] E-Firo} H ¢
TolA F S SISt BAESE A3 4 di=
R ARESIAT 2l o F4& 9l8i4 PDA
(potato dextrose agar; Difco 213400) WA E ©]-8-3}¢]
25°ColA] 159 7F ujeFalar 4°Col| BashHA] ARE-3FIT

Genomic DNA2| 22| ¥ rDNA ITSZS| PCR &%
A5 PDB (potato dextrose broth; Difco 254920)
AR 1507 ARG 5 ZAAE A% BANZD

o2 Graham(1994)2] WHol| wel genomic DNAE F

Table 1. List of Agrocybe species used in this study

)
ol

Z3te] PCR M2 3 DNAR AME-SITh FAIHTS]
DNA ITS 99S £Z35}7] ¢J5ke] White 5(1990)0l <]3)
R E primer ITS 1 (5-TCCGTAGGTGAACCTGCGG-3'y}
primer ITS 4 (5-TCCTCCGCTTATTGATATGC-3& &
’gate] ARE-3I3ATE PCR W8-S 913l 2.5 mM dNTP, 10 44 €]
10x buffer (100 mM tris pH 9.0, 50 mM KCI, 10% triton
X-100), 25 mM MgCl,, 100 pmol primer, 2.5 unit®] Taq
DNA polymerase (Promega Co.), 30 ng genomic DNAE
Detrol 37 Ejdsle] T 100 d ©] WHEAS Ve &
PTC-100 TM (MJ Research Co.)& ©]-€3}] PCR $Z%
331}, PCR HH-8- 2712 95°Coll 457} predenaturation
T, 95°Col|l 137} denaturation, 58°Cel| 137} annealing, 72°C

Isolate Scientific name BHAlo) & Source GeneBank accession No.
ASI 19001 A. dura dE (WC 217)
ASI 19002 A. aegerita BE$0] n= (WC 370) AY 168825
ASI 19003 A. c¢ylindracea HEEo] 1= =) AY 168826
ASI 19004 A. aegerita HEEo) = AY 168827
ASI 19005 A. aegerita HEEo) SIRCH AY 168828
ASI 19007 A. cylindracea HEL$o] SIRCE
ASI 19008 A. aegerita HEEo) "= (12924)
ASI 19009 A. pediades SERIANA 2= 1625 AY 168829
ASI 19010 A. pediades SeEHZEHA o]
ASI 19011 A. erebia RHaHamA U= (WC 181) AY 168830
ASI 19012 Agrocybe sp. v= (4319)
ASI 19013 Agrocybe sp. =z 4376
ASI 19014 Agrocybe sp. A& 1009
ASI 19015 A. erebia BHIRAWA AF 1046 AY 168831
ASI 19016 A. aegerita HES$o] SRR
ASI 19017 Agrocybe sp. A7 2971
ASI 19018 Agrocybe sp. AEAt 3084
ASI 19019 A. aegerita BE$0] QX 3336
ASI 19020 A. aegerita HELo) AR (Fu}51F)
ASI 19021 A. cylindracea HES$o] == (delsdHE)
ASI 19022 A. chaxingu 2215 == slisadish AY 168832
ASI 19023 A. chaxingu 2R = (5% HB911%) AY 168833
ASI 19024 A. c¢ylindracea HEEo) 2 (BAEEATL)
ASI 19025 A. aegerita HESo) T A7)
ASI 19026 A. salicacola = @)
ASI 19027 A. salicacola UE (EHEATA)
ASI 19028 A. erebia HEHAHA WAL (KACC 500231)
ASI 19029 A. aegerita Yg= (CBS 127.88) AY 168834
ASI 19031 Agrocybe sp. ==
ASI 19032 Agrocybe sp. =5

* Strain ASI19006 was conformed Lentinus sp., ASI19030 has been contamination.



DNA-ITSEA o] 23k HIAMAl (4grocybe spp.) TRTF] ASERIE EAATE 13

of] 237} polymerizations 353] RWHE-31aL, 72°Collx] 8%-7F
< A8

PCR S-%o] 21 DNA9| AHg g As17] 918k] PCR
2HE kel 2afe)l slEehE 100% ol ekt 171091 dEsh=
%l 3M NaAcOHES F7Fste] —70°CollA 1A17F A=l
F, 527 QAR (12,000 rpm)3te] DNAS A7) AL
oA 70% CNERSE AlH st AZxg § Ete 33} S/HT
30 44 ol =t} Spectrophotometer (Beckman DU-650)=
3¢ 260 nm®} 280 nmellA] PCR Aol FHEE=E 34
sty 1 pg/mle] F=7t HA A skt

PCR {29 22 ¥ 7ML 24

PCR 53%¥ DNA ITS 924 G714 E 45 215t
o5 FAAF ©HH-E pGEM-T vecter system (Promega Co.y&
0]8-3}43 cloning ¢+ ¥, E. coli DH5a competent cell®]l
A7 8ekar, ampicilin (25 ug/ml), X-gal 2 IPTG7} 3
7Fe LB ZA|9A] (1% tryptone, 0.5% yeast extract, 1%
sodium chloride)®l] E. colis =23F 5 37°CollA] a4t wj
&Fste] white colonyE A1t

FHHSE E coli®] colony 5 $F strain'd 5712 colonyE
TR Mwsle] 3mle] LB HA)A] o] 37°CellA] byt
e eFet % Qiagen Mini kit (Qiagen Co.)E ©]-&-3lA]
plasmidE 2] A 514t}

A7IME-E AA3H7] 23t Sanger 5(1977)¢] dideoxy
chain termination methodE 583+ Bigdye Terminater
Sequencing kit Verl.0 (ABI Co.)2 AME-3l%] sequencing
PCRS 33T} PCR WE8~2 96°Col|l 1037} denaturation,
50°Coll 5%7F annealing, 60°Cell 427} polymerizationS
353] HEESIGlTh WSS FAsH] Pt olekEE A
AIZ 3 A7 E Al AREaIATE A7 M E A f1gh A
719952 acrylamide®} urea, TBES 4101 4.5% polyacrylamide
gelS THE ¥ Automatic sequencer (Perkin Elmer, ABI 377)
= A3 T}. Jukes$}t Cantor(1969)¢] WS o]-&31]
evolutionary distance matrixg 2}/33laL, Al F-ATHA
E4S 9l5le] DNASTAR software (Lasergene Co.)<]
Megalign program< ©]-8-3t> DNA-ITS®] H7XES
cluster V algorithm® & #4313t}

=}
=

K

g &
rDNA ITS @92l J|MEE 0|88 HAHALTO
THoA2HA
B Alg A primer ITS13} primer ITS40l ]3] 5
FAIFTFEL] ITSHYL 659~719 bp HAZHA dF7+
A71¢] ztoli= Sete g e 7t Yk HAWAlE
(Agrocybe species) AT 1TS Gl tist A7IM<E
3= NCBI(National Center for Biotechnology Information)
©] GenBank (http:/www.ncbinlm.nih.gov/Genbank/)°ll 71€}s}

ST Accession No. AY168825~168834). Clustal V algorithm
< ol&3t] ol59] fAMdS A4S A= Fig 13 2hom,
o]£9] ITS AFHol izt A7IME s HlawAS
Table 20 YERHATE. ©]59] €714 E FAREE 53% ©]
A}o)201 4. erebia (ASI 19001, 19010, 19011, 19012,
19013, 19015 ©1’F 675%), A. pediades (ASI 19009), 4.
praecox (19014) 2 ASI 19017, 19018 4= UE TE2
- 2 A7IMYE FAEE Zhe 02 YERSTHTable 2).

A7IMEe] s HlaE Fete] EAEE s 2 A
3}, ASI 19002, 19003, 19004, 19005, 190297} A. cylindracea;
ASI 19007, 19016, 19019, 19020, 19021, 19022, 19023,
19024, 19025, 19026, 19027, 19028, 19031, 190327} A.
chaxingu; 19001, 19010, 19011, 19012, 19013, 190157}
A. erebia; 12131 ASI 19008; ASI 190173} 19018; ASI
19009; ASI 19014 % ZA 8709 groupl & FEE AT,
A. chaxingu W2] 47 A FAREE 95.6%, 4. cylindracea
WollAE 95.2%, A. erebia WAAE 95.2% o’do =
EbttH(Fig. 2).

T3] Fig 29] EA|=0M 4. praecox (CBS), A. pediades
(KACCQ), 4. praecox(KACC),= NCBI2®] GenBankol|A]
TEHo] e F7IAES WY ke, 22t 4. praecox
(CBS 108.59)= AF124713, A. pediades(KACC500300) =
AF345806 2} A. praecox(KACC500080) = AF345805= Park
5(2001)2] BE 21833t}

o F2te] A9 ITS F9elMe FW Holzt A
ITS GYollA S WHol7} v = Ao dejA] slom,
2hgde] 9= olof vl Aoz BAE vl ). §)
(1994y= BAMA =El2]HAlellA DNA ITS 99¢] &
71MFo] & Rl st 399tk Royseet Nicholson
(1993)2 26S ribosomal RNA F%12}2] 3>t} 58 rRNAS]
5wt Afo]e] g9l IGR (Intergenic region) F-$]of o
S|A Lentinus edodes®| 73 w7 e G714 LE }o]
7} QR L edodes$t L. boryana 52| Sl & 20|
£ By s A 5(2004)= FENHAE(Dictyophora)
4= BRI BT HES 5olo] F(species) T3 A
o] g 2%, viR|pH & ¥i¥A EAJ(Cheong ef al,
2000) 717, HAIEA 717 5 AEA 54 2 <l
SANNSE MAle] e 548 Fosted & of 2 Wb
9J3} groupinge] <] YR|s= AFSZA 1DNA ITS 4
o] A7IMLEE o8-S A ETE &4 Bk T
w79} Blagro 24 F2 7|7k & o] 7hsE Ao
2ol BVSIQIT) £ Alfe] Ao E ITS I o] &
el Blol7t A9 Q1= AC R Hol rDNA ITS 1 99| 7]
MEE o] &3 F FH0] 7 FoE A

E e A3t D A. chaxingu (AST 19007, 19016, 19019,
19020, 19022, 19023, 19024, 19025, 19027, 19028, 19031,
19032 5 1297), @ A. salicacola (19021, 19026 5 275),
® A. cylindracea (ASI 19002, 19003, 19004, 19005, 19029 &
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AY 168825,

AST 19002

ion number

Gene Bank access

ASI 19003 =AY 168826, ASI 19004 =AY 168827, ASI 19005 =AY 168828, ASI 19009 = AY 168829, ASI 19011 = AY

>

262~414 bp.

mn

f ASI 19029 stra

168830, ASI 19015 =AY 168831, ASI 19022 = AY 168832, ASI 19023 = AY 168833, ASI 19029 =AY 168834. * 5.8S
region o

Fig. 1. Nucleotide alignment of rDNA ITS region from Agrocybe species
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Fig. 1. Continued
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Fig. 1. Continued

Table 2. Percent similarity of ITS sequences from Agrocybe species

% similarity of the ITS regions

13

Strain

22 23 24 25 26 27 28 29 31

19 20 21

15 16 17 18

14

11 12

02 03 04 05 07 08 09 10

01

19001

19002 54.2

19003 54.2 100

19004 53.399.099.0

19005 53.399.099.0 100

19007 59.272.272.276.176.1

19008 53.470.570.580.880.873.8

19009 89.156.956.956.656.658.653.3

19010 99.858.258.253.153.159.353.389.1

19011 99.858.258.253.153.159.353.389.1 100

19012 100 54.254.253.353.359.253.489.199.899.8

19013 100 54.254.253.353.359.253.489.199.899.8 100

19014 89.157.757.757.257.258.050.590.7 89.3 89.3 89.1 89.1

19015

100 54.254.253.353.359.253.489.199.899.8 100 100 100

19016 59.272.272.776.176.1 100 73.858.659.359.359.259.258.059.2

19017 61.266.566.566.366.363.760.261.361.261.261.261.259.561.263.7

19018 61.666.8 66.8 60.460.4 63.960.261.861.661.661.661.659.961.663.999.8

19019 59.272.272.276.176.1 100 73.8 58.6 59.3 59.3 59.2 59.2 58.0 59.2 100 63.7 63.9

19020 59.272.172.175.975.999.9 73.6 58.6 59.3 59.3 59.2 59.2 58.0 59.299.9 63.6 63.7 99.9

19021 58.971.071.070.970.998.8 64.9 58.4 59.0 59.0 58.9 58.9 58.1 58.998.8 63.7 63.9 98.8 98.7

19022 54.279.779.780.480.495.7 74.3 57.8 54.3 54.3 54.254.257.7 54.295.7 63.964.0 95.7 95.5 94.8

19023 58.180.580.577.677.696.275.657.758.158.1 58.158.152.258.1 96.2 64.5 64.6 96.2 96.1 95.0 98.0

19024 57.680.380.381.181.195.074.257.857.657.657.657.655.557.695.058.3 58.495.094.894.496.295.2

19025 57.579.579.580.280.294.2 66.457.757.657.657.557.558.357.594.265.1 65.394.294.093.695.4 94.6 99.1

19026 57.679.779.779.679.695.266.258.057.657.657.657.6 57.257.695.265.765.995.295.096.4 95.6 97.4 93.292.5

19027 59.072.172.175.975.999.973.758.4 59.259.2 59.0 59.0 57.8 59.0 99.9 63.6 63.7 99.9 99.7 98.7 95.5 96.1 94.8 94.0 95.0

19028 54.381.581.578.778.794.3 74.458.754.554.554.3 54.3 53.554.394.3 59.059.294.3 94.2 93.7 95.8 95.3 98.0 96.1 93.294.2

19029 53.399.099.0 100 100 74.3 80.8 56.6 53.1 53.1 53.3 53.357.253.376.1 66.3 60.4 76.1 75.970.980.4 77.6 81.1 80.279.6 75.9 78.7

19031 59.272.272.276.176.1 100 73.8 58.6 59.3 59.3 59.2 59.2 58.0 59.2 100 63.763.9 100 99.998.895.796.295.094.295.299.994.3 76.1

19032 53.380.480.481.281.294.1 64.956.4 53.153.153.353.359.553.394.162.862.894.193.994.295.495.397.398.287.793.997.381.294.1
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Fig. 2. Dendrogram based on nucleotide sequences of ITS region from Agrocybe species.
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