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Abstract

Lentinula edodes is an edible mushroom that is mainly cultivated in Asian countries. Recently,
new cultivars of this mushroom have been developed in Korea; variety protection is very
important, so the development of efficient molecular markers that can distinguish each variety is
required. In this study, we developed cleaved amplified polymorphic sequence (CAPS) markers
for the identification of L. edodes cultivars (Sanmaru lho and Chunjang 3ho). These markers
were developed from whole genomic sequencing data from L. edodes monokaryon strain B17
and resequencing data from 10 dikaryon strains. A single nucleotide polymorphism changed in
scaffold 9 POS 1630048 in Sanmaru 1ho(G—T), and in scaffold 13 POS 920681 in Chunjang
3ho (G—A). The restriction enzymes TspR1 and Xhol distinguished Sanmaru lho and
Chunjang 3ho, respectively, from other strains. Thus, we developed 2 CAPS markers for the
identification of the L. edodes cultivars Sanmaru 1ho and Chunjang 3ho.
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B AT, 57, D 5 opilo} Tl ka0 s Ao 2(1], 2014
tFO] oF 17% 5 AFATSFATH2]. 201407 2015 U AT A1 0] AP khol
U QA AJAES] oF 97%E ARAISEAL QA3 ¢=luet =rle] MAl Ao
I BAHA(20.6%), ARSI A(13.4%), =EFRIHA(12.9%), FEIHA(11.1%), o]
H51(8.9%) 201 2IEHA]. O] 43 AL BA A4, 2] 1 |45 QTR A -5
@ g et ok

LU= 200230 ZAAEAEEE $ 59 (International Union for the Protection of
New Varieties of Plants, UPOV)°l| SOFHA 2 4] 71915191, ™, 2008 H-H B = T 11 Al0]
‘TAATRARD of] 2% FFH St Aa & A= Qlek 1213120109 109 A 102H =
T d el GAs F21E Fof Lralok oA AfjEld ol whet Z=-2 @A Hstal Q=
ARl tiet Ho g Agste Zl o ' A7

olof wte} BAIHALS] FE2 D o F5-0] EAL B FRiA AL glom, g2y
gollxd= Aol Akt BaIsAl E492AL_ Gl ofsto] FE1F TS Shal T 5]
SEAIRE, Gl 3] o] Qlofl ZAMAE o §RITHH FF T2l Aot HE Alpkdolal g8
2| Zlolt. wheba] ol Bl gl =4t BUHA EES BAA R Eshe 2
SEUE A FAMES B ol 9 A9 FEel et 8 S Foll Fa st

T FF B ol ol iRt -2, thFd, I 5= 2A517] $16He] restriction
fragment length polymorphism (RFLP) [6], random amplified polymorphic DNA (RAPD)
[7-9], amplified fragment length polymorphism (AFLP) [10], simple sequence repeat (SSR)
[11], inter-simple sequence repeat (ISSR) [8, 12, 13], sequence-characterized amplified
region (SCAR) [9, 14-16], sequence-related amplified polymorphism (SRAP) [8, 13] 5-2]
wAAE o853t o2t EAM = £ @0l QI DNAES 7|HEe & 57| whie
o Az o] /g7t e, Eok S ARl AR AHE ol = QAL BE 204
HE0| 7Fsohh= 2743 7F] AL QltH 17]. < Shim 5{18]2 Chen 5{19]°1 &lote] E11
HA19] genome sequencing®| 28 =]o] W] wiet oro= o] g4 vk 12 7
FEe T2 7 e A Jido] ghds] Heid A o= Hl

DNA G7IME Aol A2 o Q= Hol2x, F7IAE shte] 2|2kl single nucleotide
polymorphism (SNP)2} H7] A8 sht olde] 449 Ei= Z4QI insertion and deletion
(Indel)°] It AAIA] T TRt 22 5 HHS F557He] TE thel/d 240
ol-&x]o] gR=H[8, 20], -1 % cleaved amplified polymorphic sequence (CAPS)=DNA &
71X g o] Holz Qlsf A7 AU AR Alfta s QIAH-LIE HAIst] o] & w2 o]
Sh=Holt21]. CAPSE o-8=t A2 17k AHlE o = 51| oh= #ut ohyzl,
et v S5l QP Aol Al FgElet ARtE dofdl ¢ Qlrk= ARo] JlEh22]. 2 A
NHE BEAIHA FF AR 10 A3 28 S 4 Q= CAPS PH71E 7 skala) st
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A2 DNA &

Aol Ea1o] BEGAA thda5=3] B17 [18]8 Egslo] AFufstlol A 843 o
T 55(MIlRE, AhRE, WA3E, 4R, 4EF29), AP ERtelA S8 o 45 (A
27013, AEF7073, 470835, Hotdh)o] o] &%t #FEL potato dextrose agar
(PDA) B Z]of| 4] 25°Cof| 4] QFae sF3Act.

DNA F22 potato dextrose broth (PDB) HiZ|o]| ZF5}o] F 257 bz 740]lA 25°C,
110 rpm G FARAIE o- 8530t HlRt HAAIE P22 & (miracloth)o]] ofx}
A1Z1 3 PBS buffer (135 mM NaCl, 2.7 mM KCl, 4.3 mM Na,HPO, & 1.4 mM KH,PO,) &
AFstal 713 B2 E7 15 AIASHIE TE% TAF100 mg-S A Aol duf ZapAprd
253 4 5, AlxALe] B2 EZo| w2} GenEx Plant kit (GeneAll, Seoul, Korea)E ©]-&
5} genomic DNAE &5 th FH A4 B2 wAA9ll PL buffer 500 uL& ¥11

o

2Rt %, 2Rt 5ol PP bufferS 522 1/37H5 Yal EEXE o5 & AolF
et 2ol A SEIFEA] 13,000 rpm 22 5E7E YAl aleto] oS Balgic A
oHof| F=2] PCI (phenol : Chloroform : isoamylalcohol = 25 : 24 : 1)E ¥l AolF H,
13,000 rpmollA] 1057+ YA elsto] 42012 Belsirt. FeFo] isopropanol 2 Hl
o] & ¥, &2l 10423t BA] F 13,000 rppmellA] 1421+ YAlE-2]sto] DNAE HAA 7
7% DNAE70% oeh&2 Al zsto] /=20l 4] 141752t AZAIZ] 2, RE buffere] 0]
Micro-spectrophotometer K5600 (BioFuture Inc., Toyko, Japan) 2 2 A& 920 ng/uLZ
sJ4jato] T Aol AHgsiict

CAPS 017 71

At 5ot HA3 5o Sold o2 EAoH= SNP2} Indel-2 Hillier 523]0] o835
WA GARE WS o]8sto] FASHTE 97 wrollA]l F+E]t genomic DNAC]
resequencing dataS 1! FR-F-HA| Y K 2} alignmentsHo] AHER ] S.9F A3 S of E0]4
0 7 ZA51+= SNP2} Indel-2 AHSIAATE E ! 59 resequencing< Healey 5{24]2] &
S -3-8-51] Hiseq 2500 platform= 0|85t =85}t e SNPS} Indel-S F41S
2 flanking sequence S F+E519] matrixE FFE I, Primer3Plus (http://biotools.umassmed.
edu/cgi-bin/primer3plus/primer3plus.cgi) & ¢85l Ho|E Zotol= A A 8-S S5 4
U= ZEte|HE HARRISH T Table 1).

Talo|r HAFe] & PCR-E F&35t genomic DNA 20 ng2 FH O &, 95°Co|A] 38, THA]
95°CoflA 30, 58°CoflA] 30%, 72°CollA] 2022 3540|125 SER &, 712 72°CollA]
S HEGAIZITE B173 AR 2, 432.9] S5 npA] AES Sanger sequencing
(Cosmogenetech, Seoul, Korea)= &-oll H1o]E =IR1I513itt. Hol7} &R1H A E-2 dCAPS
Finder 2.0 (http://helix.wustl.edu/dcaps/dcaps.html)-2 ©|-8-5 0fA A Gofl S04 Q1 Algta
A5 TS Aol AREE 1071 w0l A PCRE F3ll SER A A Qo AlRba A5
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Table 1. Characteristics of primer sets for identification Sanmaru 1ho and Chunjang 3ho

. . Tm Size

Primer name Primer sequence Target DNA sequence °C) (bp)

1 RL-LE-116 F CTGGAAAAGGGCCTCATTCT CTGGAAAAGGGCCTCATTCTaaagagtcactaagtacatgcaaatgatcatga 58 242
RL-LE-116 R  GACATGCCCATTCGAAGACT atttctcaagtcaaaagtctctgaattatttctcagggtctacttacatagtactattcatcatcaTtgat
ttgtttgtacatgtgtacaaaagacaccaggaactgcttcaattgtcggtggcagatagaccttgat

gecggtttgeegacacccataggecaaaccat AGTCTTCGAATGGGCATGTC

2  RL-LE-134F ACCTTTGCGGTGTGTCTTCT ACCTTTGCGGTGTGTCTTCTcttctgtctgtaggaaaaggttctcatgeactette 58 183

RL-LE-134R  AGGTCCTTTCCATTCGCCTT atcagcatacttgcgacgaaacgettggegttttcagectecgectcAaggaaatgaacgaattac

ttcgagagatcttttccgacgggagaataacactgatagcaaAAGGCGAATGGAAA
GGACCT

Tm, annealing temperature; Size, size of the fragment amplified with CAPS primers.

#1253l 2.5% agarose gelll A7]%9-551¢] fragmentS-2 H] w53t

2
=2

| Dk

}

LHOfR1521 2235 £0|2 CAPS 0P ME

AR 29 A3 55 EE o Qs 1 A9 545 Slo] AR 128 A3 S
ZRE F 97l = DNAQ] resequencing= =345t A|ewt5=0]] T2t genome sequence
R 5H ) &R 97 #F52] genome sequenceS 110 EFEFAA|Q1 B179] 7%
AA) 4 2.2} H] wste] SNP2} IndelS 573 3Tt Sanger sequencing= 5ol 2152 A},
LR 5.9 scaffold9™, 16300482 F71A <A G7} TE HSHSNP, H7A35.9] scaffold13H,
9206812] H7141E G7 A= ¥gt SNP7} CAPS RHAE 7Hdstr ol 7HE Agdet A g2 ot
o= ick(Fig. 1A, 1B).

AR5 9] EoZ]el ut7| AEQl <RL-LE-116>1} H33359] Eo|2]e] utz| AFel
<RL-LE-134>E t/:0.2 5] CAPS W& 57 3ich AER15.9] 74 ARt a4 TspR 1
O] QIAFL7F EAHA] Q¥QXAL, ZA735.9] 739 A a4 Xho 12] QIAF-L7F EA6HA] oF
AUTHFig. 1A, 1B). 7 CAPS WFAE ol-&afl A1 90t 4438 0] #hdo] 7FsRA &
RIS f15H, resequencing®l] AFERY 107 w0l A 242} vtA M E-& S5t & Alka s

kJ

2 :lg 0

£ Aelstolet. 7 Au Aluke 59k 43 5.0] PCR AHEwto] Algka o] ofs) kel of
2 7S SRIT 4 UGtk Fig. 1C, 1D), BT 29421 59] b A o] ZEs]A)
QP 742 BRI 4 QIGHt|, ol AR 0] uhA Al Eefolulr} A3 50] 234
o BH-g mes}TL ol W Zlo & S}

CAPS Di72] £/d L 71 343t

CAPS+=3-34 ut7|o]7] W&o heterologous$F -2t o] E4o] 755, 7heksH
A IS Tl QP21 AvtE dofd 5= Qlrk= S 71X 21 9JtH21, 22]. 27, Hie}
S ZpEo A= o]m] EE7He] TS 91]F CAPS uhA| 7| 7 HE 9l o ™20, 25], T 115,
U 72 2hFol M= 22 0] A, WA 5 -8 Aol T E -7} 7|HE CAPS v

Mo Ao

o 1o
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A B17_16 TCTACTTACATAGTACTATICATCATCAGTGATTTGTTTGTACATGTGTACMAMAGACAC B 517,34 GCATACTTGCGACGAAACGCTTOGCGTTTTCAGCCTCOCCTCRAGGAAATGAACGAATTA
Sanmaru1_16 TCTACTTACATAGTACTATTCATCATCATIGATTTGTTTGTACATGTGTACAAAAGACAC Chunjang3_34 GCATACTTGCGACGAAACGCTTGGCGTTTTCAGCCTCGOCTCAAGGAAATGAACGAATTA
B17 B17
- . [} ] . L}
TspR1 UL TUTTCELE B PPREEPETE Yol
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Fig 1. Identification of cleaved amplified polymorphic sequence (CAPS) markers for Lentinula edodes strains. Validation of single
nucleotide polymorphisms (SNPs) in monokaryon B17 and L. edodes cultivars using Sanger sequencing and, detection of restriction
enzyme site for CAPS marker (A, B). Restriction enzyme sites are underlined in sequence. Electrophoretic patterns produced by the
CAPS method (C, D). Rectangles indicate the fragments amplified in Sanmaru 1ho, Chunjang 3ho respectively. R, reference (B17);
BHH, Baekwahyang; SMR1, Sanmaru 1ho; SMR2, Sanmaru 2ho; CJ3, Chunjang 3ho; CAR, Chamaram; SJ701ho, Sanjo 701ho;
SJ707ho, Sanjo 707ho; SJ708, Sanjo 708ho.

A7F W= o] QUTh26-28]. HALO] 75 &0l Higt CAPS W= 7l =] o] IAITH29],
F319]| tigh Bl RAPD, ISSR, SRAP, SCARS 22 afA o] Zfidso] 918, 11,
12, 14], F&7HA] CAPS B 7ldb=]o] 91 %] okct. whaba] 2 Lol A o] $-5 51 9]
Loyl v FEF2HE AR 5o A3 50 o] 7153 CAPS tH S 7H1:n——]_ S}
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