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Multiplex Simple Sequence Repeat (SSR) Markers
Discriminating Pleurotus eryngii Cultivar
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HyunYeol Shin and Jae-San Ryu*
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ABSTRACT : For development of a method for differentiation of Pleurotus eryngii cultivars, simple sequence repeats (SSR) from
whole genomic DNA sequence analysis was used for genotyping and two multiplex-SSR primer sets were developed. These SSR
primer sets were employed to distinguish 12 cultivars and strains. Five polymorphic markers were selected based on the genotyping
results. PCR using each primer produced one to four distinct bands ranging in size from 200 to 300 bp. Polymorphism information
content (PIC) values of the five markers were in the range of 0.6627 to 0.6848 with an average of 0.6775. Unweighted pair-
group method with arithmetic mean clustering analysis based on genetic distances using five SSR markers classified 12 cultivars

into two clusters. Cluster | and Il were comprised of four and eight cultivars, respectively. Two multiplex sets, Multi-1

(SSR312 and

SSR366) and Multi-2 (SSR178 and SSR277) completely discriminated 12 cultivars and strains with 21 alleles and a PIC value of
0.9090. These results might be useful in providing an efficient method for the identification of P eryngii cultivars with separate

PCR reactions.
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3H o]&9] FF/oll= RFLP (restriction fragment length
polymorphism), RAPD (randomly amplified polymorphism
DNA), AFLP (amplified fragment length polymorphism),
SNP (single nucleotide polymorphism), % SSR (simple se-
quence repeat) 5 TF¥SF DNA EXQIA7} 7= o] -3
A tekdel ok, e =9 A, AEdE 2
F5TE T 550l 8o o]8HaL (7). DNA #A|3]
A} <& microsatellite2} 2= E-2]%= SSR (simple sequence re-
peat) genome’dol] EAch= TrHbE A7|AE] HHE
359] Ato]= <13 B34 (polymorphism)©] WERH,
7100 7iE DNA FAIAE T T Jwr) ol =
o A% tidH FABAE Hrieked Bol ol&
=3z ATt

EAAE BAAL A, F3024F A% 2, Ak
Bt B EFF T 5ol 8] kA, §F 71 2o
RS 78kt 9,10]. HAle] 9= AEoly s=HT
EAA Y] =]io] A AzkE o] S5 7Isole] 287t
w2 Aot} = RAPD marker = AFLP markers
©]-83}] SCAR (Sequence characterized amplified region)
marker=9] gk #FF A7} =Ef oA &S] o]F
o}HTH11,12). B3, AAIZH o ® Sa3 HEo] uiAl F<
o), “ElE]9} ®ar oA RAPD, AFLP, SNPU SSR
A #A18 o83t F55 AU 34 Aes
et AREE 0] sith(13-16]. S=ElE]olM= F51¢
ITS-rDNA 971A g4, RAPD 4kxER o) o3l F%
THo] AEAes A8E vk oM (17,18] FAEE =
Awo] FollA AFLPE ©]-&3F 734} A e2pdo] Hard

Table 1. Pleurotus eryngii cultivars used in this study

71:}?1% * Xo%’ﬁ' ‘

g - AR - FARE

vE ATH19]. FA el A= e S=Ee] F2
TUSEESH Yol FEol thdstA EAlet FE
HE O ApHe] A&Eolof sle F 7Y B8
do] tiF=|aL k.

£ AFoANE IllelA AplEe Z=Etg 9] ti3EZd
FEH FATATE ¥ ASS TFS 127] FEo sl
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marker)Z 7§33}
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9 FUYREV I BAGF 52 A3t (Table 1). MCM
(mushroom complete medium) WA AR5t 25°Col|
Al v ekste] AM8atar, 8 Al 4°Coll A3kt 371
RHES 9t AP 9Hdg MCM HIAIE 0.5%0.5 cm=
ZH}A] mineral oil (Sigma, USA)el go] 4°Coll BasSit).

DNA &

Z} A% AP Bd® MCM HiAE 1x1 cm®] 7]
o] Ao E AE 579 27 100 mLe] MCM AAHA]
o ¢F 10 ZF viSBIATE. FAAZR7IA 39 3 RA]
Z1 3 2} APl A EjEtTt. E$ AlEE 2F 500 uL
A B35 5 29 HBy]o] §PS buffer (0.15M NaCl, 0.1 M
EDTA, 2% SDS, pH 9.5)2 7}3l] 2 48 H ol 65°CollA
103 &<t MEZE FFAIFATE. o] F 13,000 rpmellA] 104
7t dAEEE Feds EElsii. e T

No. Cultivars Characteristics Origin and genetic background
1 Keuneutari No.2 High yield and quality Unknown
2 Aeryni Dark cap color, Thick cap Korea, Hybrid (Ga5Na5s47-12 38)
3 Aeryni3 Precocious, high yield Korea, Hybrid (Aeryni x KNR2312)
4 Saesongilho Precocious Korea, Hybrid(A8B8)
5 Keuneutari No.1 Wide cap, Meaty fresh Unknown
6 Gonji No.3 Dark cap color Korea, Hybrid
7 Gonji No.8 Long Stipe, Meaty fresh Korea, Hybrid
8 Dan Bi Low pin-heading Korea, Hybrid (KNR2312 x KNR2596)
9 KNR2503 Precosious Unknown
10 KNR2514 Wild type Italy, Mauritus
11 KNR2519 Wild type Greece, Northeastern, Evosarea
12 KNR2518 Wild type Iran, Tchevan province

KNR: Kyungnam rural development administraion



PCI (phenol/chloroform/isoamylalcohol, 25/24/1) 848
31432 5 13,000 rpmollA] 10327 YAEEE 3l A5
MG BN, B2 Z2HS 3~43] U] WHES B FHF7
o7 Aoz e 2.5819] 100% Ner23} 0.1802] 3 M
NaOACE ©]-83}9 DNAE HZAIZY. ¥ DNAE
13,000 rpmollA] 1037+ FAEE] sk 538 5 70% EtOH
2 A31 TE (pH 8.0) bufferZ 44| Nanodrop ND-1000
(NanoDrop Technologies, USA)2. 2 A& £ 30 ng/L=
3|93t thg Aol ARE-SFAT

SSR &4

Zrle) FE0) H04 HAmA 9 FEe) 45
SSR WIAE Asl7] $18t] 7|9l P eryngii KNR2312
P5 A A Q71 EE vl eE 7 484709 SSR
HAE ©]8319tH20]. 30ng2] genomic DNA, 10 mM
Tris-HCl, 50 mM KCl, 1.5 mM MgCl,, 200 pM dNTPs, 10
pmol primer, 0.5 unit Taq polymerase”} & 20 uL2]
PCR mixtureZ ©]-§-8}o] Tt 22 202 PCRE
PFATE. Z7] meltingS #I3H] 95°CollA] 4% 7+ FiL
95°COll 4] 20Z3F denaturation, 52°COlA] 40% 7} anneal-
ing, 72°CollA] 30% 7t extension®] S 353 WHESH
T, 5% B2 T extensionS I SFF DNA
HI== Safe Red stain (iNtRON Biotechnology, Korea)©]
H7HE 3% agarose gel oA 7] G5 & & ST
Multiplex PCRS] 79 SSR 2ol 4] Akl 47)12] wAE
Multi-1 (SSR312, SSR366)2} Multi-2 (SSR178, SSR277)
7hel AEZ tro] SSR Aol AMSE FUF PCR
mixturedl] primerE Z}7} 10 pmol¥] H71eE 3 5 WES-&
Ho) 20 uL7} HE=E BHSE H7Fske] SSR Aol A AF
S8 22 o g A

FEZe] FABA B9E 215k InfoQuest FP soft-
ware (BIORAD Laboratories, Spain)& ©]-8-5}¢4 Wi =&l

Table 2. SSR markers used in this study
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21213l UPGMA (Unweighted Pair-Group Method with
Arithmetic Average) +A1"W'H O = dendrograms 2}/ds}
ATH21]. SSR FEAIRIALS] THld 412 21719F $ band
7} = AL 1) e AL 07 & 319 data matrixE 2}
AetFom, o] & A= PIC calculator Extra (http://
www.genomics.livac.kr) ZZ 135S A8-81e] PIC (poly-
morphism information content) 2 oS- TA] (heterozy-

gosity)S AlLFSEATE.
21 2 13
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12k2 SSR primer 48471l tisl] T}EAd<] sjE-S Ho
= TS Asl] flete] ExEle] 259} o o], Ao
135 o]83l] PCR WHE-S AAJsle] ThEAds Hole
27570¢] vAS Aaksiaict. ExElg] 12%F0) ek A%
S flete] A rEAE o]8381e] PCR HRS-S AA
alo], M=e] wjEle] Fgislal, ¥ UdAdS vehly
AN@Ao] T2 e riAE HE ALSIITH(Table 1
and 2). Z} PCR HF&ol|A] Akg til7)e] SSR viAE 2
el 2% 283 A7} 200~300 bp HEolA A=
=717} th2 DNA ©E°] & E59 144 SHE S &
kAT (Fig. 1). T3, BH O FFodX = vhe=9] o
A7)Hoh A A2 ofe] 7)e] MET} SAlol TEEA
TH(Fig. 1). G2 7l 32719 2ol FE3hEd
o8 v o] AFF (locus)”} th2 a1, A0l AREH
FL9 F34 e Aot t27) giEl] Ao Als
Ho}. 7} viA] b A=E Yehfo] == PIC 32
0.6627114 0.68482] W= Yeh} SElE] £35S 148
g 5 = ook ARV =8 Ao E YERdT(Table 2).
PIC #to] =2 o= 13} A Az} vi=vjjelo] HArs)ar
o] =2 SSR v SIF= Addste] B4 wiE

_ =

No. Name Primer sequence (5’ - 3) Repeat motif p Ci%:i ds Tm (°C)  Size (bp) He PIC
ST OO 5w e aw es
> SRR GOICCTTGAAGAACATAGG  (OMIO S m s o7 o
' Swir  coerasearcirremcre G750 ms om0 oem
e et (CATCAG) 5 50 298 07301 06848
, SUBE GICICICCACCIAICACATT (i 6 n o os
Average 5.4 0.7250  0.6775

Tm, annealing temperature; He, heterozygosity; PIC, polymorphism information contents.
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Table 3. The number of allele, heterozygositiy (He), polymorphism information contents (PIC) of multiplex set

Multiplex Primer No. of He PIC Allele size range Total® No. of alleles He PIC
sets PCR band (bp)
. SSR312
Multi-1 SSR366 8 0.800 0.7716 280-380
. SSR178 Set 21 0.9152 0.9090
Multi-2 SSR277 13 0.855 0.8392 200-320
Average 10.5 0.8275 0.8054

‘Primers consisting Multi-1 and Muti-2 sets were used for separate PCR reactions to analyze the cultivar identification.
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Fig. 1. PCR polymorphism of 12 P. eryngii cultivars by SSR
primers, SSR312, SSR366, SSR178 and SSR277. Lane 1-12 cor-
responded to the P. eryngii cultivars in Table 1. SM, size mar-
ker (100 bp plus ladder).
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Fig. 2. A UPGMA dendrogram based on genetic distance by
five SSR markers in 12 P. eryngii cultivars. Band pattern reor-
ganization was performed with the InfoQuest™ FP software
using dice correlation coefficient and the UPGMA algorithm.

Clusters and small groups divided by the analysis are indi-
cated at the right side.
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Fig. 3. PCR Polymorphism of 12 P. eryngii cultivars ampli-
fied by two multiplex SSR marker sets. SSR312 and SSR366
comprised of Multi-1 while SSR178 and SSR277 comprised of
Multi-2. SSR Lane 1-12 corresponded to the P eryngii culti-
vars in Table 1. SM, size marker (100 bp plus ladder).
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