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Multiplex Simple Sequence Repeat (SSR) Markers
Discriminating Pleurotus eryngii Cultivar

Chak Han Im, Kyung-Hee Kim, Hee Jeong Je, Asjad Ali, Min-Keun Kim, Wan-Kyu Joung, Sang Dae Lee,

HyunYeol Shin and Jae-San Ryu*

Gyeongsangnam-do Agricultural Research and Extension Services, Jinju 660-360, Korea

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.

KEYWORDS : Cluster analysis, Cultivar, Pleurotus eryngii, Polymorphism information contents (PIC), Simple sequence repeat (SSR)

E}2] (MlE0l, Pleurotus eryngii)= a2 A3l A
PHE B BRI QAT sk hEA 7

F2A) aueka go] glom aeshy Xt $rsht

AL gAYl AAF R wie- Fagk HAlelT1]. &
S AEH AR ohjeh 2w, PSR,
Angiotensin converting enzyme A3 &4, 18|31 SF3t

Kor. J. Mycol. 2014 June, 42(2): 159-164
http://dx.doi.org/10.4489/KJM.2014.42.2.159
pISSN 0253-651X e elSSN 2383-5249

© The Korean Society of Mycology

*Corresponding author
E-mail: coolmush@korea.kr

Received May 13, 2014
Revised June 20, 2014
Accepted June 26, 2014

©This is an Open Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

159

]:]}—O]_J_E_] %}/H E_/] 7].‘:.%4 %;d o] zﬂ-
S EMNE 5 WAl QIT}H2-4]. EEE=
= 1"401%1 1Al 488k (5], thyt,
Y&, g, Tl Aake] Har lom Frtel] Bgd
olg|Z A|&HQ] AYakFS Kol ot =g Il A
2HFe] 35%00 SEshe 54,820:=0] AAkEo] A HA
ME 7liffL T8 FAkolnt,
A A E}
%w%ﬁ l]
51419% Rl tﬂOH 5}

el ]

ON
g "

e

o, rJ r{r
me

U

% & %
ru{o

i} o,

n oy

%0
o

,d
:‘3:
o?iﬁo

tﬂ

_.E_'IQOEDB

N
==
N
mﬂ‘.
il

Jo
)
o~

O

ry
re
ofN
2
e)
Ir
>~
&3
o
B
%
&
_EL
é?:
0>~

247

e ]
A2 tapdsl B ool 4 9
28 59 71 2 235 o E2
o] BEBF] W FEN] Aol S
5 Qe TR el BasiAn

Lo Mo o off [l Ho
o
o fllo
ol
A
Ho [

Mo -
>
O,
%
o

A
=

N

o Lo

s}
ha
T—
g

>

o
A

x
&



60 A3t -

XY

473 - AB - 22 oA -

7ol e].

AR el o]t AEFe] T2 FEA 54
off ARl B} HaL A 72 54 H7PL ks
3t o]59] FFol= 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 TFYeF DNA EA|QIA7} 7)dtE] o] /-3
A O] Bt ARk =i A, Aledd 3
T8 5 550 8ol o= 3ItH7]. DNA FAI
A} % microsatellite2}31 = E2]= SSR (simple sequence re-
peat)Z genome’doll EANGH= TevhE 7|49 HhE
315=9] Ao]= 218 tH3A (polymorphism)©] LERAH,
71Zel /e DNA XA T A=r} o} =
obr 374 T FABAE Hrkshketl Bol ol&
a1 ATH8].

A= BARAL N, 723AE A 2, A
72 EFF T S0l 2850 shal, S5 Tle 2R
RS 7E3kT9,10]. HAle] B9~= AEolv s=khtt
AL o] =A| ARt o] S 7iedde] 287t
w2 Aot} < RAPD marker 5= AFLP markerE
©]-83}>] SCAR (Sequence characterized amplified region)
marker®22] Fgo] w5 A7} =ElE]ol|A s o]F
oA TH11,12). B3, A o= Fa gk HEle] HAl F
o], =Ejele} Hal SollA RAPD, AFLP, SNPL} SSR
A BAE o83t F5o WY A Al=s
2Pdshot] AHEo] $itH(13-16]. S-ERIIME F53F
ITS-rDNA 171- &4, RAPD Aol ols) &5
Tl deAes H8H vk glom(17,18] FAZEH &
o] FollX AFLPE ©]-8-3F 4} A=At gdo] Halg

Table 1. Pleurotus eryngii cultivars used in this study

2o - ekt -

g - AR - {FARE

uh ATH19]. DA ol ApiEa e F=Ee] F5S
TUHSAEESH =l FEol v EAlet F5
HE OE AuPHe] A= oo} sle F HEEe 28
‘go] o5 aL Sk,

2 AFelxds SllellM Al 2o txz<l
FET FATAVE W ASS T 1271 FFl sk
SSR HIAE |83t TS EA38la F511e] frad
AE TEstaAl sttt ol viEe g FEle] FEw
Ho| 7Fsgh 2291434 frell o 341 PHA (multiplex-SSR
marker)ZS 7§&3}53c}.

M= H 88

RS

Al@AEE oA §4 e dxelM =943 F5
2 S REVH B 52 AR89 T (Table 1). MCM
(mushroom complete medium) HJAE ARSI 25°Coll
Al uFate ARE-SIRAAL, Q. Al 4°Coll Aetaitt. 7]
HES S5t AP ¥R MCM HIAIE 0.5%0.5 cm&
ZH}A] mineral oil (Sigma, USA)el Ho] 4°Coll Haa15i).

DNA £&

2t A'E] dAPE RFAE MCM HiAIE 1x1 em®] Z7]
o] "o ® A& 5709 274 100 mLe] MCM AAHRA]
ol oF 109 7k W8Tt SaAz7 004 39 3F x4
1 7 2} Apdkoll A skl £A3E AlEE oF 500 L
2 253 & 5 F919] SDS buffer (0.15 M NaCl, 0.1 M
EDTA, 2% SDS, pH 9.5)% 73l 2 412 ol 65°CollA]
105 B9t AES FA3AZ . ©]F 13,000 rpmollA] 102
AR dede TElEi. sl T3

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) €45
31 412 F 13,000 rpmolA 1023 ARSI E 3t A5
NS B3It B 2ARS 3~43] U WHESE & HEH
o2 Ao A5l 2.5809] 100% e 0.191¢] 3 M
NaOACE ©]-8-3l] DNAS X ZT. 3% DNAE
13,000 rpm@llA] 1033t 4lEelste] 55 5 70% EtOH
2 A3 TE (pH 8.0) bufferZ 44| Nanodrop ND-1000
(NanoDrop Technologies, USA)°.Z A& T 30 ng/LZ
B jslo] ths A3l A8l

SSR =4

TE F50 F34 A 3 F5A e AR
SSR PI71E AAke}7] ffste] 7|l P eryngii KNR2312
P5 A 734 4714 LS vl o= 7HEE 484709 SSR
uAE o831t 20]. 30 ng2] genomic DNA, 10 mM
Tris-HCI, 50 mM KCl, 1.5 mM MgCl,, 200 pM dNTPs, 10
pmol primer, 0.5 unit Taq polymerase”} 3 20 uLe]
PCR mixtureZS ©-§-8} T & 2102 PCRE
B3I Z7] meltingS 131 95°CollA] 4 1F Far
95°COll 4] 20%3F denaturation, 52°CllA4] 40Z 7I anneal-
ing, 72°COllA] 30% 719 extension®] F-S 353 REESH
B 58 B2 HE extensions TSI T SZ% DNA
HIE+= Safe Red stain (iNtRON Biotechnology, Korea)©]
A7V 3% agarose gel oA A7) FF - Tz 33T
Multiplex PCRS] 7%~ SSR 4ol A] Akl 47)12] wiAE
Multi-1 (SSR312, SSR366)S} Multi-2 (SSR178, SSR277)
7he] AER Yol SR XM ARSE FYE PCR
mixture®l] primerE Z+Z} 10 pmol? 3713t & & WE3-&-
efo] 20 uL7} H =5 FitE 37Fslo] SSR 4ol A] A
9 2L oz At

FZE7He] FodTA 42 9181 InfoQuest EP soft-
ware (BIORAD Laboratories, Spain)& ©|-8-5}o] =&l

Table 2. SSR markers used in this study
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Q1218}e] UPGMA (Unweighted Pair-Group Method with
Arithmetic Average) w1 S 2 dendrograms 2HJ3}
ATH21]. SSR A IARS] TR 4L %1719 F band
7F e AE 1 e AE 070 3] data matrixE 2}
Jetdom, o] k& <AZE PIC calculator Extra (http://
www.genomics.livackr) 2135 ARE3}e] PIC (poly-
morphism information content) 2 ]34 (heterozy-

gosity)= ARk
2m o o

ZLEl2| 3 7& SSR O M

12F2 SSR primer 4847lol tj3l] t}ade] 8-S Ho]
= S Adslr] $islke] ExEle] 239} off o], Aol
185 o83} PCR WEe-S AAJslo] TS Hole
275702 viAE Adslnt. ExEl] 12E5] Hig A%
BAS 9)ate] Aukg ulAES o] 831 PCR ¥HE-S A4
sfod, =9 sfdo] Fisal, w2 tEAAS YehH
Adgo] w2 VY viAE HF ALt (Table 1
and 2). ZF PCR RES-o|A] ke Tsl7ll9] SSR vlAE &
el 1255 283 A7} 200~300 bp HANA A=
=717} t2 DNA ©Se] 3 E59 144 SEE S 8
A5 (Fig. 1). Tk, REO| FFol|lA= vheE2 o
A7)Hoh IAY A2 ofe] 7)o MET} FAll TEE R
CH(Fig. 1). AR et 2719 Aol FS3Eo
ol-&% "9 AT (locus)7} ThEaL, A0 ARS-H
FE9 F34 e Axrt thE7) il 3o Al
H}. 7F v ] tekd AxES Uehfjo] F= PIC 3
0.6627°1141 0.6848°] 9= e} ZElE] ¥ 78
g 5= = oo ARV =8 Ao E YERITH(Table 2).
PIC #o] =2 ol 13} A Ax} si=vjjelo] Ags}ar
tgdo] =2 SSR wA $15-2 Addste] #4819 7] Wi

No. Name Primer sequence (5 - 3) Repeat motif P Cl\lio};:rfl ds Tm (°C)  Size (bp) He PIC
R e S
» SR NCCTOCGGOMC ey o m w e o
' Swirn  cGemasearciTIcmcre G750 ms om0 oem
LS OGO w5 o m o aon om
5 S:ﬁ;;::g gﬁéﬁgﬁi‘éﬁ%@ggﬁfﬁgg (CACAAA)5 6 52 277 0.7075  0.6627
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 1 R .8392 200-32

ulti SSR277 3 0.855 0.839 00-320
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.

ol Ao 7 AlgHEY. o]FHIALL Ht 0.7259] S UE}

325 DNA 9812 InfoQuest™ FP Soft-
wareE AREsl] Q121%E & UPGMA "WHO = Fo|2H
B3t (Fig. 2). THE =B 1270 F52 AA fAL
= A 065904 0.929] HAE YeEPg o fAE X4
0.79914] A 27)¢] 2202 U= 4 AT} Cluster 1
2 ZrER 152 X33 vl FFolH, A2 E ()2 2
el 23, of@o]3S X33 87l FFoISth T3 Clu-
ster 2& FAKE X 0.850014 EElE] 255 ¥E3e=
G29} o o) 3& 23 G39] ATFOE Uim F UL
G19] KNR2503E E£9] 27158 JAS 7174 Aol
15, ojdo], ofHo]3 59 FF S50l HEOZ AMEE<S]
A9k ke FAS 7)) flste] e 25E vHES)
A aHfEER 7] wiEel] e R ARzt W AeE UEl
W Ao Z AlF T KNR2503, KNR2518, KNR2519, KNR
25149] 7Z4-9-oll= o]™9l Ro 5[17]°] RAPDZ ufgo 2
dendrogram=- 2Mdgh Ao} fFALE Aol 4] HlSs=gh gk
S YepIY. E=Ee]25 8 BEOZ ARSSH Albol1
39} ool 28 G20 AT FCE BRI} o 9)F
O F ofgo|3S REOF AME3 X353} TH|E o

SSR312 SSR366

PP smM1 234567 891011121 2 3 4 56 7 8 910 11125M

SSR178 SSR277
bPSM1 2 34567 891011121 2 3 4 56 7 8 910 11125M

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).

]33} & ATFS o FATh

=2|MA| FeH SSR CIE EX| 7t

2k g7l SSR PFAE Z§ske] 5 HEE- pri-
mer setS A|ZBFLA} SIATE. ©] T SSR1782 E-E}] 2
3, o], AlFol 13, X35, ©H] FEA FU3 o)
Ho] Ueltar, SSR2772 F-Ele] 2%, ofdo], 2|35
FENA L HES e E3) SSR312= F=
2]23, oljglo]3, 322|335, TH], KNR2514914] T eS
HAE SSR366¥] 749 M=9] 7 BWal gjdoe] %
slo] F24Jo] o2} TfE piA A 4 22 dE S B
o] % o] ofEYY FEle] 259} FA|35olM B
g M= HEs E 5 Sl £ 11 AEo] 7hse A
4 A Z3s 24387 918t SSR HHAE TeFet -
o] °2 PCREFSH gel ME B4 g A F 47)9] v}
7]2 SSR3129} SSR366, SSR178%} SSR2779] 7 2o
2 o]&3t A} wi=r) EXAY EYA &A1 12709 EFF
o] &<ko 7 WX AWM FITH(Fig. 3). SSR3123} SSR366
WOl 23 Multi-1, SSR178%} SSR277H 2] 2§ Multi-
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KNR2518
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KeuneutariNo. 1

KNR2519

Saesongi1ho 7
GonjiNo.3

Dan Bi

rG2
Aeryni
r Cluster 2

KeuneutariNo. 2

KNR2514

Aeryni3 ]
4| FG3

GonjiNo.8 J 4

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.




Multi-1 Multi-2
PP sM1 2345678 9101112M1 2 3 4 5 6 7 8 9 10 11125M

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).

22 ATt & vl vhA Z3S o8 Aol FA| PCR
oA == 20702 B3 0.90909] =& PIC
0.91529] =2 o|FAFA B2 LS F AR o]E Al
o] SSR FIAE 7R 4319S wi= 1 0.67759] PIC
#s S F AAD ¥FA, multiplexing 22 PIC 3to]
0.90902 UrERfo] FAIE 12709) FES A o] 7}
53Tt

¥ Q

B TS A v RS Slste] S=E
2] AR FAA F71EE v 2 A2 484712] SSR
nAE ARESl] A BAS AAIBKY. 1 Fe 7}
275719] primeroll A B Ado] TAE AT}, o] T EFZ1
et sjels Y= 5719 viAE HE AT o]
E A9 PIC 32 0.66279014 0.6848% LERIAL, it

2 0.6775% ). ©] AHE WIS o]u]A] Q12 HpHoZ
dendrograms 2315t UPGMA FIit-A Ay}, =
Ele] =& =4 Cluster 13} Cluster 2% T-251t}. SSR
primerE ©-8-%F PCR A YER = 55 3+2] DNA
HEE #5014 nAR 7S] flsted, AdE v
Zol| 4 SSR3123} SSR366, SSR178%} SSR 277 PIAS X35t
st 291484 72l o 1A MEE ST, Multi-
plex-SSR P71 2] A1-8-S- F3ll FH] PCR UM THOZ B
TolA ALSH 127]9] E=Ee] 52 TS Ui
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