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Identification of Pleurotus ostreatus cultivars with the
application of multiplex-simple sequence repeat markers
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ABSTRACT: To develop a method for the differentiation of Pleurotus ostratus cultivars, the multiplex-simple sequence repeat
(SSR) primer set based on the SSRs obtained from whole genomic DNA sequence analysis was designed with two polymerase
chain reaction (PCR) primer sets. These SSR primer sets were employed to distinguish 10 cultivars and strains. Twenty
polymorphic markers were selected based on the genotyping results. PCR with each primer produced 1-4 distinct bands ranging
in size from 150 to 350 bp, which was within the expected range. However, since a sole SSR marker was unable to detect
polymorphisms in every cultivar, multiplex PCRs with composite PCR primer sets were employed. The multiplex primer,
“166+115,” completely discriminated 12 cultivars and strains with 40 loci, which were 12 more than the simple arithmetic
addition of each locus of the primers 115 and 166. These results might be useful to provide an efficient method for the
differentiation of P ostreatus cultivars with separate PCRs for the quality control of spawn and protection of breeders’ rights.
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2019). 3%, 34423, iw 25, 114195, BEle], 24
18 FF25 5ol T8 g FEoE dHA 91‘:13]
(Choi ef al., 2015), ©|5 £z glojHoz WEs
Hog /q]_z. 51_31-/\-1 e} o] 3} \:Hi] HO]:tHo] Olz]u} Zd
7l e s whHe AskEc(Worrall 1997). 53],
P25, AA9S, FeH1SE 2, 227, WA Eﬂoﬂ
oJsl Am|AFEAAl I717F o YFE|7F vlSEke]
o] A &t} (Park et al., 2019). ]2 EA A wH3
2 54 AT S IE Zo|7F BA] &
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& 31710 Bzsl= Aztst AR A £4E oo]d 4
9,1‘:}. o= dAMIHIoA Alol7t Yo E QIE #E] 9
ool o3 of71E 4 JUTH(Park et al., 2019)

AU TFIEL TFHITHY BT SHNE T2
sttt olelgk o] f= Qlall Haz, w2, HAAQ el
FFo] o] 279t} Random amplified polymorphic
DNA(RAPD)Y} Eiﬁﬂo} A FA olg FE50]
Aol npA], wAE=Ze] 44| ¥]WY} internal transcribed
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2000; Seo et al., 2008; Seo et al., 2011). L&} °]& st
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Table 1. List of Pleurotus strains used in this study

ol o A9-7F 3
Simple sequence repeat(SSR)> %173 A (microsatellite)2;
% =M HAS x2S JAFAES] AW A2
SHoAl 228t ASZ t¥st =% =tk SSR
719kt EAmA = W24, A Aol A Seith= 4R
o= Qlale] BE FHS Wi
1994).

2 ATl =

ATH(Smith and Devey,

s~ CICIER L EACE

B frele SSRGS /MO Slo] A2 K5 Az
Efe] EEE0] 7Fs e B et sk

2 Flelld &4 sAY FEEaL e =B 5
12%& 7157193 AEsdrlsdols
oFA A3 TH(Table 1). ¥l  MCM(mushroom
complete medium; 0.2% peptone, 0.2% yeast extract,
2.0% glucose, 0.05% MgSO,-7H,0, 0.05% K,HPO,, and
0.046% KH,PO,) HiA|ol] HF3t] 25°ColA FAAZAL,
da A 4°Cell AAstTh. A7 BES flste] AP
1gk MCM HIAE 0.5x0.5cmZ ZEpA] 23 mineral
oil(Sigma, USA)°l| Ho] 4°Cel] RASAY. dAWIES
271 flste] Z+ FFe @APE wdE MCM EiAlE
1 x1eme Z7|e] dHESZ AE 5719 275 250 ml
rEekaae 94 = 100 mle] MCM HiR]o HE
stod 25°ColA 120 rpm o2 °oF 10 7F uf ksl 4
@3t Whatman No4l A& 53l dAE AS § A4
SHTE 2-38] AlHste] 2t HAMES 247
Z7] (lishin, Korea)ollA 3€7F A7 & 2papabdko] A
et 5°C B A ARSI

PCR-& gDNA+ GenEx plant plus! (GeneAll, Korea)
£ |83t AlF¥ manualdl wE} EEstal HFHOE

=oJA Denovix DS 11 spectrophotometer

ddH,00]
(Denovix Inc., USA)Z AH T 5ng/ulE 343t o=

1)

Cultivar Source Parents(combination) Reference
58S KNCAF_PO9 Yoo et al., 2009
SElE CAF PO60 MT07156-97 x P11056 Choi et al., 2015
X TS KNCAF_PO6 MT07156-97 x NO-8 Choi et al., 2013
)15 CAF PO151

s CAF PO66 3T, 3 1 Lee et al., 2011
sPd6s CAF PO131 31, A 7%

S7E CAF PO132 3163, =

F05 KNCAF_PO4 Yoo et al., 2009
2235 CAF PO50 Yoo et al., 2009

9598 CAF PO124 8113, SuEle

A 1s KNCAF_PO2

355 CAF PO66 3413, PSC109 Lee et al., 2013

YCAF(KNCAF) : (Korea National) College of Agriculture and Fisheries fungi collection.
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Table 2. SSR markers used in this study

Name Primer sequence (5" - 3)” Repeat motif No. of PCR bands Locus size range (bp) Expected size (bp)
115(5-22F) TAGCACCACTAACAGCACAAAC

115(5-22R)  CCAGTGTTCGGGATAAAGAATA (TCGCG) > ca. 200-350 309
166(7-29F) AGTAGCTCTAGTCGCATAACGCTCT

166(7-29R)  ATATACCGAGCTGTGGCTT (GAATATC)S > ca. 200-320 >

YSequences have been registered as a Korean Patent # 10-2019-0111737.

Aol AMgsidh. #4458 gDNAE  Solg”
Genomic DNA Prep Kit(Solgent, Korea)2 ©]-&3le] A|
ZAF wr ol gEo] EEsksint.

ek FREFF ZA 759t SE Y oo A3 #A}
%] al}el MT07156-97(Choi et al., 2013; Choi ef al.,
2015)2] gNDA A E9] dll52 o] 2] B A (Park ef al.,
2016)3 FU3 W o7 3513, de novo assembly
= Platanus V 1.2.4 (http://platanus.bio.titech.ac.jp/)S A}
&3tk AldollA] SSRE] F+E-2 Phyzen(http:/phyzen.
com/kr/main.jsp)2] In-house pipe lineS ©]&3}A=H],
Z7& Pl, 220; P2, 210; P3, >7; P4, >5: P5, >4; P6,
>4; P7, 24; P8, =23; P9, >3; P10, =3; interruptions
(max_difference between 2 SSRs), 20°]t}. ©]% SSR
M3} ol 5S SE zatolr] NEE A B (Park e
al., 2016)} o] st} R F R SSRE
A 1,108 S, ©1F in silico ¥4 Fato] ©
A3t d &t M=rF o= 27018 Adsih WA F
8F5F ViETE, SEE, 2A72)E W2 PCRS
Tt thEstE Bl Zafolmnt A & 107] F5ol
g A&FAaL, o]F 127] FFol 5olHd mHAE B
ol Zko|H multi-plexZ3He A3kt

PCR ¥H3-&, 15ng template genomic DNA, 0.2 mM

113 114 115 16 117

162 162 164 165

18

166

dNTPs, 025U e-Tag DNA polymerase (SolGent,
Daejeon, Korea), 1x buffer(2.5 mM Tris-HCI (pH 8.2),
1.5 mM MgCl,), 0.25 pmol (each primer) / 10 pL(Z-2
20puL) Efdoz F3Y3al, ASTEC EO02(ASTEC,
Japan)& ARg-3te] AASE3IA T 27] meltingS #1351
95°Coll A 387+ 32 95°CollA 30%7}F denaturation, 52°C
ol|4] 40%7} annealing, 72°CollA4] 30%7F2] extension®] 3}
S 353 WHESE & 55 59t 2 extensionS 573 31
t}. %% DNA WIE=E Safe Red stain(iNtRON
Biotechnology, Korea)e] 718 3.0% agarose gel “dollA]
150V, 1.5 h 7|9 5 #& skt Multiplex PCRE]
A4 7} Zefo|w o] e a2 {X 3L HE EFel
oA A RE AT

SZ ¥ DNA =S AE AEE
o] Sanger WH 2 Z Direct sequencing(Macrogen, Korea)
< SITh A EEAE Zefo]H = 115FR, 166FR(Table
2y ARESEITH

ek 37 FF (R E, SEE], A TS ) o839 ]
2} gAloA F Zakolw 2517) 5 2071 (8.0%)°l1A o
sp7b #AERT G838} locusE FEHE 127 A=
on, dFe H|5o|F FEE AZEJTH(Partly shown
in Fig. 1). A% 207 ZetolmE e 1055 (F3H

agarose gel®l|
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Fig. 1. PCR polymorphisms of 3 major P ostreatus cultivars (a, Suhanlho; b, Heuktari; ¢, GonjiZho) by 251 SSR primer sets
(only meaningful results are shown). M: size marker (100 bp plus, Bioneer, Korea). Upside numerals are primer number.
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Fig. 2. PCR polymorphisms of 10 P ostreatus cultivars by SSR
primers, 57, 141, 115 and 166. Lane: a, Suhanlho; b, Heuktari; c,
Gonji7ho; d, Gojilho; e, Whaseong2ho; f, Whaseong6ho; g,
Whaseong7ho; h, Chunchu2ho; i, Chiak3ho; j, Nongmin5%ho.
M: size marker (100bp plus, Bioneer, Korea). Upside numerals
are primer number.

3, SEl], 2A 7, 2413, M2, 3463, M7,
FF23%, X933, FH59% ) HE3 A3t 150~350 bp
HRAM T3} locus(c)’t EFF 1-271 SZEHU=
o, 12k Al ARESE 3FFole BF TEsE Hio
L, ol FTH fFAIAE 7Pk FEENE wYd
locus”} ¥#&=| %) tH(Partly shown in Fig. 2). 5<% DNA
A7) SSR ZEto|HE FE|gh =X 759 SERRCA =
H 2 QoA v, 2R FFolA e o 27180 =2
At 22 oy o] Mert sl B He As 3
HAT 757 E AR WGt Alo]ze] Aol #
Aol AHEE FF9 §14 e Aot geba] 2ol
o] A7} theFaly] wiEel Ao g AlgEt). =g
ol 57, 115, 121, 141, 166, 207°14 RE FZA
PCR 5-3%0] o]Fox| 3 o] =7t &2 Zlo= &
Z¥) Ut} o] F Zefolw 115 (Table 2)& 313, 344
63, 337359 =523, XoF35oA FLg Elo] b
Bt ZElolw 166 (Table 2)& 4°3H1 35, 24| 159} 3
e, X|9h3%, 3759} 3235, BRIS9E FEOlAM &
gk S YR, Zetolm 572 100-200 bpAltelell
=7 YeRg oL Zglolw 1218 200-300bp Ale]ol] HI=
7t Qo] Z3to] 71sd Aoz AdH ). t2 =)
Hol A= BE FTAAM TLS =T oAU =
o] 7} WL sElo] FF3t] multiplex ZgolA A<
ESs=

At @Yol ZEo|MRE RE FES BT
T Ae TEEE HolA] ol 270 o]de] zelo]
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Fig. 3. Specificity of the multiplex SSR marker sets(166+115)
for the major Pleurotus ostreatus cultivars. PCR amplification
was done using the “166+115” primers with the gDNA from
12 P, ostreatus cultivars, and the unique band profile for each
cultivar is shown. Lane: a, Whaseong2ho; b, Whaseong5ho; c,
Gonji6ho; d, GonjiZho; e, Nongmin5%ho; f, Suhanlho; g,
Heuktari; h, Wonhyeonglho; i, Gojilho; j, Gojiho; k,
Chunchu2ho; 1, Chiak3ho. M: size marker(100bp plus, Bioneer,
Korea). Upside numerals are primer number. Asterisk on band
means SSR motif(GAATATC) containing DNA.

7] 18t SSR "HAE thdet 499 = PCRYHEZ
gel = 418 st A, MErt SXAY T2X] &3
10718] EFo] 8¢to 2 BT AR "66+115" 23
S AEsl o] % HEH R 250t dF1EE o
ste] 127 FFol ¥ AL #FT F AU (Fig.
3). “57+122” 23 2WA 2 TP sE Eo] Bio 10
N FF 55 FESA = £t (data not shown). 3
245 7 314235, 31455 (Lee et al., 2011; Lee et
al., 2013), 3635, s 75 = HHo] g k& EFE
olg} mlEF=ol 7wt FEIE A (Park et al.,
2010)¢} SSR714¥F =e}g] ¥HEulA (Park ef al., 2019) <]
M= FhHo] 71531 tH(data not shown). & ZZ}o]
o Z3to g yEhd niFle F 4370E Hat 3.6700]3 E
2 RE 25709 lociolAT}. ol Zatolw 1159} 166
o A] #zhE locuse] AFEA @R 317HE T 127] =T
, ol= Zgtolm 115 FRU 116 FR W] g 2)ol] Za}o]
o 7H] N2 2FOEE PCR o] ¥ Ao F=
7Vssith AAR FEZE wee] 9S 245 A3, o
o] MEZF 1153 166 Zetolw 2o 2 FHEUSES
& 4= A1 th(data not shown). SSRA LA Feigt =z}
olMZ FZH DNA MEole ¢uta oz SSR motif7}
EA) &= vkl (Park er al., 2019), multiplex "166+115"
el 4370 EAprA AEuolA 72 Elol T 166 Zeko]
™2l SSR motifel (GAATATC)7} 5.9%¥FE(copy no.) 2.2
EA st (Fig 3). ol#st A3+ S%¥ DNAZF SSR
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