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Genetic Diversity of Agaricus bisporus Strains by PCR

Polymorphism
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ABSTRACT : Twelve Universal fungal PCR fingerprint (UFPF) primers that were modified from Universal rice primer (URP) were
used to assess genetic diversity of 64 Agaricus strains including 45 A. bisporus strains and other 19 strains of other Agaricus spp.
Eight primers, UFPF1, UFPF2, UFPF3, UFPF7, UFPF9, UFPF10, UFPF11, and UFPF12 produced PCR polymorphic bands within
and between the Agaricus species. Primer UFPF7 produced specific PCR polymorphic bands that are distinct Korean strain from
different strains. Ninety five PCR polymorphic bands were inputted for UPGMA cluster analysis. Forty five strains of A. bisporus
are genetically clustered into 8 groups, showing coefficient similarity from 0.75 to 0.9 among them. The varieties, Saea, Saedo,
Saejeong and Saeyeon that have recently been developed in Korea were involved in the same group with close genetic
relationship of coefficient similarity over 0.96, whereas, other Korean strains were genetically related to A. bisporus strains that

were introduced from USA, Eroupe and Chinese.
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HES-A] ISSRF} 0] 55°C ©)/dell A annealingS & 4= 9]
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Agaricus® Tt 19075 I3 F 64075 FOE UFPF
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Table 1. List of Agaricus strains used in this study and their PCR polymorphic groups

NO Strain Characteristics Date of entry Origin PCRp ;erlrg)orphic
Agaricus bisporus strains

1 *ASI 1038 Brown 1968 USA A
2 ASI 1164 Brown 1994 Germany G
3 ASI 1337 Cultivar, Saea 2010 Korea I
4 ASI 1338 Cultivar, Saejeong 2011 Korea I
5 ASI 1346 737 2009 Korea F
6 ASI 1347 Cultivar, Saeyeon (B429) 2012 Korea I
7 ASI 1348 Cultivar, Saedo (B397) 2012 Korea I
8 ASI 1001 White 1966 Korea E
9 ASI 1018 White 1966 Korea E
10 ASI 1019 White 1966 Korea E
11 ASI 1021 White 1966 Korea E
12 ASI 1022 White 1966 Korea C
13 ASI 1031 White, 304 1967 USA B
14 AST 1032 Cream 1967 USA B
15 ASI 1035 White 1968 USA B
16 ASI 1037 White 1968 USA B
17 ASI 1040 Brown 1968 USA G
18 ASI 1041 Brown 1968 USA G
19 ASI 1043 White 1969 Taiwan B

*ASI: Agricultural Science Institute. Acronym for mushroom strains used in Mushroom Science Div. in RDA.
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

ASI 1045
ASI 1047
ASI 1048
ASI 1049
ASI 1054
ASI 1060
ASI 1064
ASI 1072
ASI 1074
ASI 1085
ASI 1091
ASI 1092
ASI 1096
ASI 1115
AST 1118
ASI 1119
ASI 1124
AST 1133
ASI 1147
ASI 1179
ASI 1195
ASI 1198
ASI 1199
ASI 1216
ASI 1229
ASI 1230
ASI 1237
ASI 34008
ASI 1272
ASI 34015
ASI 34016
ASI 34002
AST 1151
ASI 1138
ASI 1256
ASI 34017
ASI 1175
ASI 1241
AST 1193
ASI 1247
ASI 1248
AST 1264
ASI 1277
ASI 1281
ASI 34014

White
White
White
White
White
White
White
White
Cream, 705
White
White
White
White
White
Unkown
Unknown
Unkown
Unkown
Dark Brown
Unkown
Unkown
Unkown
Unkown
Unkown
Unkown

Unkown

A. bisporus var. avellaneus

A. placomyces
A. silvicola
A. abruptibulbus
A. arvensis
A. augustus
A. bitorquis, White
A. bitorquis, White
A. fiardii
A. marginell
A. potobella
A. rodmanii
Agaricus. sp
Agaricus. sp. Agro 100
Agaricus sp. Agro 103
A. subperonatus
A. subperonatus
A. subperonatus

A. subrutilescens

1969
1969
1969
1969
1969
1973
1973
1978
1978
1979
1979
1979
1979
1983
1984
1984
1985
1988
1988
1996
1999
2000
2000
2002
2004
2004
2004
1986
1986
1988
1986
1986
1989
1988
2005
1986
1996
2004
1994
2005
2005
2005
1986
1988
1990

Japan
Japan
France
France
France
India
Japan
Denmark
USA
Canada
Netherland
British
Swiss
USA
British
British
Korea
Germany
Korea
China
Peru
China
China
Korea
Korea,
Korea,
Korea
USA
USA
USA
USA
USA
Korea
Germany
Korea
USA
USA
Korea
Canada
Korea,
Korea
Korea
USA
Korea

Korea
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avellaneus, A. bitorquis, A. fiardii, A. marginell, A. placo-
myces, A. potobella, A. rodmanii, A. silvicola, A. subpero-
natus, A. subrutilescens & & 6475 S8 A5
Apskel QISARE: HATERE 29 ol TSI
FEoiAlE HRIFEE (FECIEH] 40 g/L)°l PDA (po-
tato dextrose agar)E 7}l ARSI 0™ 25°ColA 15
L3t FatsATt.

Genomic DNAFE

Genomic DNAE #2]3}7] 913} Petri dish] E|H5=
Sl A]el] AZHFE-S 201 A7 5 mm TAPEHS F3F
o] FZEste v 25 Foll A=ATE ol A dAE
A5 T3t 54 1xg FAHAIE oIFAINE FA vt
sttt 200 pgd TARAIE 1.5 mle] =23 FHo
2731 954 (200 mM Tris-HCl, pH 8.0; 200 mM NaCl;
25 mM EDTA; 0.5% SDS) 400 ul¢} Proteinase K (20 mg/
m)E 71t fElEo 2 bufferdollr 2 4ojF o
37°CollA] 1213 &<t A8k o] E3teliell 2 X CTAB
bufferS FFOZ H781] 65°CollA] 1587t WA[SIAL ch-
loroform:isoamylalcohol (24:1)& g3l F*|3] 335k3 &
12,000 rpmel|A] AEEIEIAT A 5AS A28 FE
%713 0.7 volume?] isopropanols F7}5kal 4204
1057 WA 312,000 rpmol|A] 5387 91415-2]31] DNA
= AU} 70%2] ethanol® DNAZHE-S 423}
2E 74%3+ 5 TE buffer (10 mM Tris-HCI pH 8.0, 1 mM
EDTA) 100 ploll 831319t} 10 mg/ml RNase 2 plE &
37°CollA 302 A2Jste & ol FHE RNAE A A}
At DNAGHES 5783817] 918t] DNAE 10091 = 3]4
3}t spectrophotometer?] 260 nme] Tl A AAISHATE

PCR CIEEEN
PCR T}84 B4 915}9] URP primersS F3015 &

N

Table 2. PCR primers used in this study

Ao 283171 sled HEFSH 12572 universal fungal
fingerprinting PCR (UFFP) primer (JK Biotech. Co. Ltd)&
AHE3ISATH(Table 2). PCRERS: €912 10 mM Tris-HCI
(pH 8.0), 50 mM KCl, 1.5 mM MgCl, 0.01% gelatin, 100
ng prime, 50 ng template DNA, 200 um dNTP(dCTP,
dTTP, dATP, dGTP) ¥ 2.5 unit Taq polymerase (JK Bio-
tech Ltd.)S 2al A wk3-g-Ho] 50 ul7} =A s}
PCR7]7] (Takara)S ©]-8-3l>] DNAWAS- 9|3} 94°Col]
A 583, 71 % cycledllA] DNAYHASL 94°CollA] 18, an-
nealing 55°CollA] 1 % DNARAIS 72°CollA] 2302
F 36 cycleS 290, 5 DNATAS 7202 3}
Aot S3H PCRAFES 1.8%9] garose gelollA] 27195
g % Ethidium bromide -8l @248t UV lamp 3}
A PCR T+ =E #as15iTh

FUNFALA 24

G0 (A. bisporus) AlsolA HEFE PCR HFJMEES
72 3l databasedt - FAKE (similarity coefficient)S
2FE31aL, Dendrograme 919 fAKES] #E A=
UPGA (unweighted paired group methods with arithmatic
average) = ©]&3t] 2Tt FABAREAS g
program<> NTSYS (numerical taxonomy system using
multivariate statiscal programs Ver. 2.2)& ©]-83}3T}.

z 2 1%

AS0|HSS =& Agaricus spp.2| PCR CHY E4
2 ATlMe el -3 AL bisporus 457153
Agaricus spp. 19075 X3 F 64 T genomic
DNAE FZ3}3L UFPF primer (JK Biotech., Ltd.)S A&
sto] PCR T4 48 A8 1257 UFPF
primerE ARSI o] W5 A4S A=, UFPFL,

Primer Sequences (5-3) GC content (%) Polymorphic bands
UFPF1 ATCCAAGGTCCGAGACAACC 50 5
UFPF2 GTGTGCGATCAGTTGCTGGG 50 7
UFPF3 CCCAGCAACTGATCGCACAC 50 9
UFPF4 AGGACTCGATAACAGGCTCC 50 ND
UFPF5 GGCAAGCTGGTGGGAGGTAC 50 ND
UFPF6 ATGTGTGCGATCAGTTGCTG 50 ND
UFPF7 AATGTGGGCAAGCTGGTGGT 50 8
UFPF8 GATGTGTTCTTGGAGCCTGT 50 ND
UFPF9 AAGAGGCATTCTACCACCAC 50 7
UFPF10 CCATATTTTGGCCGGCTACC 55 2
UFPF11 AGAAGACGGGAAGAGCGTAC 50 6
UFPF12 CCAGTTGCTATAAGAGGCAT 45 4

ND: Not detected.
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UFPF2, UFPF3, UFPF7, UFPF9, UFPF10, UFPF11, UFPF  olalo] AZE okro] 2] 27+ 6475-9] PCR Tt} Adul
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UFPF7, UFPF11 primer= A. bisporus®] U Azt tF & 38 1355, VIS, I8, 55 ARG ozRE 5
SF PCROHAMNES 7SS vl 583 primer2 HE A%5S X881l ). UFPF7 primeres 50| A%
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Fig. 1 PCR polymorphisms of 45 Agaricus bisporus strains and 19 strains of other Agaricus spp. amplified by primers UFPF1(A)
UFPF2(B), UFPF3(C), UFPF7(D) and UFPF11(E). Each number on lanes is identical to that of Table 1.
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Aol A 2ol e FHEZR] Aok, A, AR, Af
S AR PCRHEAS B o the &) Alsde=
THEE PCREAZS HATH(Fig. 1). 1 €19 UiEs
ASI1001 ASI1018 ASI1019 ASI1021 ASI1022 ASI1124,
ASI1216, ASI1229+= T}2 vla, o= =94 #5394
AR PCROFEAP S Hod 1960 F FHEFE vl
Ao R FFo] dF7F EYHAD AT GX|ste
T3t APl o8] vepdAaatE €

& AgaricussZ} A. bisporusAls {1l PCREFEA3H] L
oA A. marginell, A. potobella, A. rodmanii®: Agaricus sp.
Q1 U= ASI1193, ASI1247, ASI1248% A. bisporusS}
AR PCREE/do] B HA oW e Agaricus S
FEgh 2folE BATE. 53], A. abruptibus$t A. augustus
= E& UFPF primerollA] 22 PCRUFEAJo] #A=|o] &
I3t T o2 AIFHIATH AEH o2 2 A7-9] UFPF-PCR
A B4 ol W Al 4 5489 T2t
7Rl ] B4 Fofl -85 A8 = S A E AR
b=

A. bisporusA'&S] PCRUFYE 2]l RAPD, SSR, ISSR
5ol F&EHA}H1,5,7,13,14]. Y50 microsatellite 74
H2HE 33572 SSRUAE 75l 28 o] A<
PCRUFEAJEA0l] 2|83+ A} op T oAl s AE
2o F o] &8 7 AN AfEF] 317 T3 A

Zoll= A AUATH[5]. SRAPS}F ISSR 2402 Aui:
T oRITE X8 305709 FEol FRTTE dld
© = DNATHIAZS AR A3 12071%52] DNA profiles
BRI = AL I3ATH14]. Yadav 5 [10]2 FEolH
A 2235 54& THESIaA RAPDS} rDNA G714
9] Single nucleotide polymorphism(SNP)*41S- 4=8§3}
270 cluster2 723 v} A}, & A519] UFPF-PCRS} 9
o] 71 Aot viwd wf 38 = Bt} %2 DNAGE
e HEE s AeE AlRHUN

RAPD primer?] 739+ 54222 10 mer?] primer’}
AL o 4 e Y S primers HAYS)H
o] & primers ALsto{ok &} PCREREAJC] 35004
369] S+ annealing =04 5% DNA%} primers -3
317] Wi H] SolF] W=y} v S5 4 olo] Ald
o] FAIH O Z A A=A} 5,10]. MicrosatelliteZF-E]
% ISSR, SSR markere AAIZ o2 A7|4E 127} &
TEo] Fo] tE 79 A8l SHAIFo] 2Utt. URP primer
= 20 mer] G712 TAEH] 9o 55°C ]| annea-
ling&%=ollX PCR WM+ = o] =& A=
PCR t}&/dol] ]88 4= )21 [10], A. bisporus®]el] T}
g Agaricus FOAXE 28 5= Qlo] T3] T AR
2Jo] 7153t} URP primerS ©]-8-8}¢ thst Pellinus &
o] FABAZ AR vk JoH P linteusE S| URP-

Groups
LA

032 100

Coefficient similarity

Fig. 2. Genetic relationship among 45 Agaricus bisporus strains. The numbers are same to those of Agaricus strains listed in

Table 1.
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primers A7d8) 7S vl ATH15]. WA A% e
27} Eo] UFPF-PCRARE-S- wrnjzgte] 71U Al 5
STAES TS d 83 A& 7S ¢ dS
Ao 2 7).

24E0| A S FHE RAAIEN

B Aol FAIE A, bisporusAls 450 ~A2
AEE F249817] $181e] UFPF primerdi|2]dle] 5245 95
PCR TEAMES 0]83}] band-7-oll W} NTSYS-pe
©] UPGMA program©Z dendrogram=- 235+t (Fig.
2). 71 A3} 3 cluster® Wjol] 8712] A% groupl 2 -5+
AeH group o= FAMS 71 0.7500141 0.909] A
HAE Bt golx] HZ /i Ao, A1, A, Af
ZF Group HOl EF= o™ 0.960014 1.09] FAMISH
= YR ZABA Ao = EUATET ASI119
oR= 0.99] FAMIEE VERIATE. 28Tl o =
o)A T2 group E9} Foll &318.9H group F= S
T4 ASI1199% ASI11797} 0.839] FAMd T8 HE)
o}, wat == ASI1155 A€]SIal Group B} Group G
of 3= Jom UEH= go] AlB (ASI1091)
Group BOl| E&slar oA v|=AI5 ASI1074% 1.02]
FAMIEE Bl 28 AlFo® AT 5= T Y7
5 (ASI1045, ASI1047)E ZHAT15(ASI1048, ASI1049,
ASI1054)2} 0959014 0.97742]9] =& FAMIEE HY
=3

ol M) ekFo] A= 19661 d0) O 2HE V)&
S 5] Al 1967300 Frd 4] olAuHe] =
PHAA F7IlA= 96% olde] =] TS AMS-
=of girh. HZ Fjollx] wlEFF R Tk, Ao}, A,
A, A= 5 HUaLfr F5ol =] 27%7 UHEE
© 2 AL AH4,16]. FHAME HZ 2§E<) Horst

Agaricus bisporus strains

ASI 1338 ASI 1346 ASI 1347
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Ul 7 o2 & F5o2R7E ARl st 54
AEol AtEEo R s 17 wiAo] wg- ALt
of FejF o= skt A ITH2]. H Al o)
2 wHlE 71e] Zsd GAAS] recombination§le] nl
Hjgo] WS 4= glom ol = AA Y] AalE
st FFFC] O F U= o= HuHar jlo] o]
e BAs ZAlele] 553 £38F ] FolE A
FE3he 7% ATH[2]. Fig. 32 o] ERIF=H1A]
of| A 1597 vl St A. bisporuset TH&SE Agaricuss] 1
AR A E4E vlagt 202 AL bisporuse AR
s 548 BAou oE o= dAF e A
Al S2do] =2 A vebdtt. whebs] Fejz del] o5k oF
o] At THE-S SAI7E .21 DNA viFol o3k %
o] A'E7F DNA profile®] f-8-3th= Z1& Wgstal St

£ 5= UFPF primer® ¥<50] Al%87F == 7 PCR
TS AR OH dFe] T B A S
SRISIATH T A IS 5 F= F 5ol DNAWHA
NS ffste] A8 4 lom TFZH O FE = MAS e
WY AR e Adnbr Fol| o]t oAl
o] BASFaES 5T 7 e 83 ARE 0|8
T s AR 7t

¥ Q

2 AFolME FLellA = A. bisporus 45415
Agaricus spp. 19055 X33t 647525 E genomic
DNAE FE3}a1 12579 UFPF primer (JK Biotech.,
Ltd.)& AFS-8t] PCR B34 E415 AAIZ v <ol A
&%+ PCRAF o] #EHY. 7572 UFPF primer®]
olal) AAE A. bisporusAlEe] 95 PCRAFA WMET}
A& FAEE 2ol o]-8-%0] UPGMA dlusteri-?-S &
dendrogramS 21t A3} A. bisporus®] AlF2 3 clu-

A. silvicola

A. placomyces

A. abruptibulbus

ASI 34008 ASI 1272 ASI 34015

ASI 34016
A. arvensis

ASI 34002
A. augustus

ASI 1151
A. bitorquis

Fig. 3. Mycelial characteristics of Agaricus bisporus strains and different Agaricus spp. on compost extract media.
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wkEl Ao}, AR, A, s e groupoﬂ FFEANoH
0.96%14 1.0%2] B ZATA N AR on 1 g
SEEe v7 fiie) o) BE9 404 vl
Hoo

&AMl =2

B ATs TEHESARER, S, B2 - A
%]784 Golden Seed ZZAE AL (L ZAA AT, IAHE
: 213-003-04-1-SBJ10)°]] 2J3}] o]Fo)zl A 9],

REFERENCES

1. Malekzadeh K, Banafsheh JMS, Ehsan M. Use of ISSR mar-
kers for strain identification in the button mushroom, Agari-
cus bisporus. In: Savoie JM, Foulongne-Oriol M, Largeteau M,
Barroso G, editors, Proceedings of the 7th International Con-
ference on Mushroom Biology and Mushroom Products, Ar-
cachon, France; 2011. p. 3-34

2. Sonnenberg ASM, Johan JPB, Patrick MH, Brian L, Wei G,
Amrah W, Jurriaan JM. Breeding and strain protection in the
button mushroom Agaricus bisporus. In: Savoie JM, Foulongne-
Oriol M, Largeteau M., Barroso G, editors, Proceedings of
the 7th International Conference on Mushroom Biology and
Mushroom Products, Arcachon, France; 2011. p. 7-15.

3. Fritsche G. Breeding Agaricus bisporus at the mushroom
experimental station. Horst Mushroom J 1983;157:4-17

4. Oh YL, Jang KY, Jhune CS, Kong WS, Yoo YB, Shin PG, Seo
JS. Quality changes in Agaricus bisporus varieties due to
period and temperature during their storage. ] Mushroom Sci
Prod 2013;11:137-144

5. Foulongne-Oriol M., Spataro C, Savoie JM. Microsatellite
markers isolated in the white button mushroom Agaricus
bisporus are suitable for genetic studies. Appl Microbiol
Biotechnol 2009;84:1125-1135

6. Loftus M, Bouchti-King L, Robles C. Use of SCAR marker for
cap color in Agaricus bisporus breeding programs. Mush Sci

10.

11.

12.

13.

14.

15.

16.

2000;5:201-205.

. Khush RS, Becker E, Wach M. DNA amplification polymor-

phisms of the cultivated mushroom Agaricus bisporus. Appl
Environ Microbiol 1992;58:2971-2977.

. Yadav MC, Mahfooz S, Singh SK, Upadhyay RC. RAPD

markers assisted selection of genetically diverse parents for
hybridization in Agaricus bisporus. Mushroom Res 2003;12:
19-26.

. Yadav MC, Challen MP, Singh SK, Elliott T]. DNA analysis

reveals genomic homogeneity and single nucleotide poly-
morphism in 5.8S ribosomal RNA gene spacer region among
commercial cultivars of the button mushroom Agaricus bis-
porus in India. Curr Science 2007;93:1383-1391.

Kang HW, Park DS, Go SJ, Eun MY. Fingerprinting of diverse
genomes using PCR with universal rice primers generated
from repetitive sequence of Korean weedy rice. Mol Cells
2002;13:281-287.

Kang HW. Genetic divesity analysis of fungal species by uni-
versal rice primer (URP)-PCR. Kor ] Mycol. 2012;40:78-85.
Kang HW, Park DS, Park Y], You CH, Lee BM, Go SJ. Geno-
mic differentiation among oyster mushroom cultivars relea-
sed in Korea by URP-PCR fingerprinting. Mycobiology 2001;
29:85-89.

Foulongne-Oriol M, Spataro C, Cathalot V, Monllor S, Savoie
JM. An expanded genetic linkage map of an intervariental
Agaricus bisporus var. bisporus x A. bisporus var. burnettii
hybrid based on AFLP, SSR and CAPS markers sheds light on
the recombination behaviour of the species. Fung Genet Biol
2010;47:226-236.

Wang ZS, Chen MY, Cai ZX, Liao JH, Li HR, Guo ZJ, Lu ZH.
DNA fingerprinting of genetic diversity of Agaricus bisporus.
In: Savoie JM, Foulongne-Oriol M, Largeteau M., Barroso G,
editors, Proceedings of the 7th International Conference on
Mushroom Biology and Mushroom Products, Arcachon,
France; 2011. p. 1-8.

Kang HW, Park DS, Park Y], Lee BM, Cho SM, Kim KT, Seo
KS, Go SJ. PCR based detection of Phellinus linteus using
specific primers Generated from Universal Rice Primer (URP)
derived PCR polymorphic band. Mycobiology 2002;30:202-
207.

Kim HK, Ham IG, Lee KS, Lee B], Kim YG, Yang ES, Yoo
YB, Kim HG. Characteristics of a new button mushroom
variety Dahyang. ] Mushroom Sci Prod 2011;9:17-21.





