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ABSTRACT

Lentinula edodes (Berk.) Pegler, the most produced mushroom in the world, is an edible
mushroom with very high nutritional and pharmacological value. Currently, interest in
the protection of genetic resources is increasing worldwide, and securing the distinction
between new cultivars is very important. Therefore, the development of efficient molecular
markers that can discriminate between L. edodes cultivars is required. In this study, we
developed cleaved amplified polymorphic sequence (CAPS) markers for the identification
of L. edodes cultivars (Sanbaekhyang and Sulbaekhyang). These markers were developed
from whole genome sequencing data from L. edodes monokaryon strain B17 and
resequencing data from 40 cultivars. A nucleotide deletion existed in scaffold 19 POS 214449
in Sanbaekhyang (GT—G), and a single nucleotide polymorphism changed in scaffold 7 POS
215801 in Sulbaekhyang (G—A). The restriction enzymes Hha | and HpyCH4IV distinguished
Sanbaekhyang and Sulbaekhyang, respectively, from other cultivars. Thus, we developed
two CAPS markers for the identification of the L. edodes cultivars Sanbaekhyang and
Sulbaekhyang.

Keywords: Cleaved amplified polymorphic sequence (CAPS) marker, Genome wide, Indel,
Lentinula edodes, Single nucleotide polymorphism (SNP)

The Korean Journal of Mycology 2021 Vol.49

33

www.kjmycology.or.kr



Moon et al.

M
FE1E= AARNA 7P 712] Qe Al8H AL Fof| shtolth1). At 2001]L‘17P ‘o
A Z7}sho], A= A u—] A Z YAkl g}: 20, :rLH o] 74 = H] o 242

L Th

- O HH 1:|].

T = T u

35t o ohik, 918
& 74 s sk e o)
S-2lutebs 20024 A EAE

=1 5 A (International Union for the Protection of New

Varieties of Plants, UPOV)ll 7FI5F AL 2008 3Bl = ‘AW o] o)A, 2117} FEHS o)
g 222 A= JAeh5). 22|31 2010 109, AlA] 19471=R2] 52l A= Th/d H 2K Convention
on Biological Diversity, CBD) &] °-]5.L 52887 =2lol| @ | “Frxt 9 o]e)3R o Tt
“Urmiof oS A3, 2014 78 S07H0] Lok o412 o] mhek 20144 10
d GAR F2lol|A A EaE QlTHe). 32017 ‘—}J—OF—VJ/‘VP =] HLEQ‘”‘:} 0]
of| w} Zt=o] fixko] \:H?B‘l- Ho=o% 7]@}5] 740]—'—1 -’] I
A2t E7Hd 2o = o1 %L‘}
o, 2oy 33 E5 7] —.c"_]

S 9% 4 S T S48 702 @ SIS A
<95}t

AA7kA] Eae PR =2 2

35 9 oY 7ol Hidt 72, T, BE 52 2415171 215K restriction
fragment length polymorphism (RFLP) [10], random amplified polymorphic DNA (RAPD) [11,12],

simple sequence repeat (SSR) [13], inter-simple sequence repeat (ISSR) [12,14], sequence-characterized

amplified region (SCAR) [15,16], cleaved amplified polymorphic sequence (CAPS) [17,18] 5-2] =} i}
A7 =ik 24} np = 57 @A) 2421 DNAE 7[HEe 2 617 uf 2ol g4 o e, &

3t -5t wAglo] PR AntE
T QITH19].

DNA 7|4 Qef| A2 =
(SNP)2} 714 st o) de] Akl
U Indel = 15l A= AL A4
o]TH20]. CAPSE ©]-83F #A4-2 117ke] A& Q= 51A] %o,
1 et AtE dojd 4= k= !

Aojd 4 a1, BE ZAo|| A AE 7Fsdthe FS AY

A shke] 2|2
insertion and deletion (Indel)°] T}, CAPS+= SNP
Q42915 BAlstol o] & v ol ga

Zhekeh 342 B Qg Aol

21 single nucleotide polymorphism

)
ox.
o

Aol
Z 7o) fee o851 9T
o] 242 QI el 2] 3419 21715 5-

=
Aajge TR & 9l CAPS T2 Adelo] =

2
o
ol
ol
119
I,
119
2,1.3
BB
my

e, rlo

N
2

[23,24], 2 A I:IH

ol >
H ©° oy Ho

r
=
ok

The Korean Journal of Mycology 2021 Vol.49



Development of Cleaved Amplified Polymorphic Sequence Markers of Lentinula edodes Cultivars Sanbaekhyang and Sulbaekhyang

Aldolle B BE2RAA| vld=tF21 B17 [25]2 Zetoto] At a}sted 01]*1 et 147] &
T} A A ATAE oA RS 197 FE-2 Etohe e 357 55, 181l 29 3
7N, Z=-2] 27l E50] o] &% A th(Table 1). T552] wAF= potato dextrose agar (PDA) HljZ]of| A
25°C, Sl Fatict.

Table 1. List of strains analysed in this study.

Strain No Strain name Origin
1 Sanlim7ho" Korea
2 Sanlim%ho" Korea
3 Yeoreumhyang” Korea
4 Gaeulhyang" Korea
5 Baekhwahyang" Korea
6 Chunbaekgo® Korea
7 Pungnyungo® Korea
8 Chunjang1ho" Korea
9 Chunjang2ho” Korea
10 Sanmarulho® Korea
11 Sanbaekhyang" Korea
12 Chuje 2 China
13 Kinko135 Japan
14 Kawamura K3 Japan
15 808 China
16 Chunjang3ho" Korea
17 Sanjo101ho” Korea
18 Sanjo102ho® Korea
19 Sanjo103ho” Korea

20 Sanjo108ho” Korea
21 Sanjo110ho® Korea
22 Sanjo111ho® Korea
23 Sanjo501ho” Korea
24 Sanjo502ho° Korea
25 Sanjo701ho” Korea
26 Sanjo704ho” Korea
27 Sanjo705ho” Korea
28 Sanjo706ho” Korea
29 Sanjo707ho” Korea
30 Sanjo708ho” Korea
31 Sanjo709ho” Korea
32 Sanjo710ho” Korea
33 Chamaram® Korea
34 Chamsongi Korea
35 Iseulsongi Korea
36 Sanjo301ho” Korea
37 KFRI 13 Korea
38 Akiyama A6 Japan
39 Sanjo302ho” Korea
40 Sulbaekhyang® Korea

“Strains developed by National Institute of Forest Science in Korea Forest Service;
"Strains developed by Forest Mushroom Research Center.
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Development of Cleaved Amplified Polymorphic Sequence Markers of Lentinula edodes Cultivars Sanbaekhyang and Sulbaekhyang

Table 2. The list of single nucleotide polymorphisms (SNPs) and Indel in Sanbaekhyang.

4Chr  POS REF ALT  Effect Codon GENE Desc Restriction
enzyme
Scaffold10 338361 T  C synonymous c453T>C  GENEO05058 hypothetical protein STEHIDRAFT 165519 [Stereum NilallI, (-)
hirsutum FP-91666 SS1]
[Source:NCBL NR EIM91132.1]
ScaffoldS 1461089 C T  missense c280G>A  GENE10073 -
(p-Gly94Ser)
Scaffold5 1461096 C T synonymous c¢.273G>A  GENEI10073 -
Scaffoldl 1039230 T C  missense c455A>G  GENEI12493 -
(p-Asp152Gly)
Scaffold19 214449 GT G  frameshift ¢290delA  GENEO00709  short-chain dehydrogenase/reductase [Lentinula edodes] Hhal (+)
(p-Asp97£s) [Source:NCBI NR AEN14449.1]
#Chr: scaffold; POS: position; REF: reference bases; ALT: alternate bases; Desc: description.
“Restriction enzyme recognition site abolished (-) or created (+) due to mutations in the marker sequence was represented
Table 3. The list of single nucleotide polymorphisms (SNPs) in Sulbackhyang.
#Chr POS REF ALT  Effect Codon GENE Desc Restriction
enzyme
Scaffold22 310758  C T synonymous  c.96G>A GENE00289  hypothetical protein Moror 4037 [Moniliophthora  TspE I (+)
roreri MCA 2997]

[Source:NCBI_NR ESK90800.1]
Scaffold20 118723 T C missense c.620A>G GENE(00986  hypothetical protein Moror 16151 [Moniliophthora TspR I (+)

(p-Asn207Ser) roreri MCA 2997]
[Source:NCBI _NR ESK89432.1]
Scaffold8 188228 C T synonymous ¢.1008G>A Pdcd2l Programmed cell death protein 2-like
[Source:UniProtK B/Swiss-Prot Q8CSNS]
Scaffold8 287141 G A missense c.617G>A cnd2 Condensin complex subunit 2 [Source:UniProtKB/ Hpyl188 I (+)
&splice_ (p.Gly206Glu) Swiss-Prot Q9Y7R3]
region
Scaffold6 383326 C T stop gained c.991C>T GENE03460 predicted protein [Laccaria bicolor S238N-H&2]
(p.GIn331a) gbl[EDR14455.1] predicted protein
[Laccaria bicolor S238N-H82] [Source:NCBI NR
XP_001875014.1]
Scaffold6 1145331 G A missense ¢.1025C>T apel Aminopeptidase 1 [Source:UniProtKB/Swiss-Prot
(p-Pro342Leu) QIUSX1]
Scaffoldd 3102734 C T missense c433C>T GENEO05839  gag protein [Lentinula edodes] [Source:NCBI NR
(p-Argl145Cys) BAF74361.1]
Scaffold7 215801 G A synonymous  c447C>T GENE(O7011  hypothetical protein Moror 9778 [Moniliophthora  AatII (-)
roreri MCA 2997] Acy I ()
[Source:NCBI_NR ESK86576.1] HpyCHALV (-)
Scaffold7 2023901 G A missense c.1318G>A GENE06338  hypothetical protein Moror 14808 [Moniliophthora
(p-Vald40lle) roreri MCA 2997]

[Source:NCBI_NR ESK88337.1]
Scaffold7 5834108 T C missense c202A>G  SPCPBI16A4.05¢ Uncharacterized urease accessory protein ureG-like ~ Taq I (-)
(p-Asn68Asp) [Source:UniProtK B/Swiss-Prot Q96WV0] TspE I (-)
Hpyl8 I (+)
Scaffold3 1161051 T G synonymous  c.273T>G GENE(7933 - Alul ()
G T ()
HinF I (+)
THI (+)
Scaffold3 2158130 T C synonymous ¢.1005A>G cec2 Copper-transporting ATPase ccc2 Hpy99 I (+)
[Source:UniProtK B/Swiss-Prot 059666] Hpyl881 (+)
ScaffoldS 1078908 A C missense c.890T>G GENE09927  hypothetical protein Moror 14968 [Moniliophthora  Rsa I (-)
(p-Val297Gly) roreri MCA 2997]
[Source:NCBI NR ESK84843.1]
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Table 3. Continued
Restriction
#Chr POS REF ALT Effect Codon GENE Desc a
enzyme
Scaffold5 4757777 C A missense c429G>T SCYL1 N-terminal kinase-like protein [Source:UniProtKB/  Avall (+)
(p.Gln143His) Swiss-Prot AGQLH6] Nlalll (+)
Nsp I ()
SphI (+)
Scaffold5 4928048 T C synonymous  ¢.834A>G nfo Probable endonuclease 4

{ECO:0000255{HAMAP-Rule:MF 00152}
[Source: UniProtK B/Swiss-Prot AGLB99]
Scaffold1 241097 G A synonymous  c.165C>T CHGG 05463  Putative fungistatic metabolite [Source:UniProtKB/  Sml I (+)

Swiss-Prot P84675]
Scaffold1 241099 T A missense c.163A>T CHGG 05463  Putative fungistatic metabolite [Source:UniProtK B/
(p.lle55Phe) Swiss-Prot P84675]
Scaffold1 241100 T C synonymous  c.162A>G CHGG 05463  Putative fungistatic metabolite [Source:UniProtK B/
Swiss-Prot P84675]
Scaffoldl 579269 G A missense c44C>T GENEI2147  hypothetical protein Moror_5372 [Moniliophthora ~ Alu T (-)
(p-Alal5Val) roreri MCA 2997] CviJ I ()
[Source:NCBI NR ESK81776.1] Dde 1 (-)
Mse I ()
Scaffoldl 1066007 G T synonymous c¢.3408C>A pol RNA-directed DNA polymerase from mobile
element jockey
[Source:UniProtKB/Swiss-Prot P21328]
Scaffoldl 2907894 T C missense c2345A>G  SPBC2F12.05¢c  Oxysterol-binding protein homolog C2F12.05¢
(p-Glu782Gly) [Source:UniProtK B/Swiss-Prot 014340]
Scaffoldl 3598872 A G missense c.1358A>G trs120 Transport protein particle subunit trs120 DdeTI ()
(p-His453Arg) [Source:UniProtK B/Swiss-Prot 014251]
Scaffoldl 3598873 C T synonymous ¢.1359C>T trs120 Transport protein particle subunit trs120
[Source:UniProtKB/Swiss-Prot O14251]
#Chr: scaffold; POS: position; REF: reference bases; ALT: alternate bases; Desc: description.
"Restriction enzyme recognition site abolished (-) or created (+) due to mutations in the marker sequence was represented.
Table 4. Characteristics of primer sets for identification of Sanbaekhyang and Sulbaeckhyang.
Primer name Primer Sequence (5°-3) Tm (°C) Amplicon size (bp)
RL-LE-133F GGAGACATGAGCAGCATTGA 60.0 222
RL-LE-133R GCTAAAGCAGGTGCTTCCAA 60.5
RL-LE-145F TTATGCTGGGCGATATGGCG 60.7 407
RL-LE-145R GGGGTCTGATGGGAGAGAGT 60.0

Tm: Annealing temperature; Amplicon size: Size of the fragment amplified with CAPS primers.
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Fig. 1. A and B. Partial nucleotide sequences of each strains amplified with RL-LE-133 (A), RL-LE-145 (B) primer set respectively.
Highlighted nucleotides were used for developing the cleaved amplified polymorphic sequence (CAPS) marker. The restriction enzyme used for
development of CAPS marker and the position of the recognition site in each marker sequence are shown in a schematic diagram. C and D. The
cleaved fragment patterns of each CAPS marker among 40 L. edodes cultivars. The name of cultivars corresponding the indicated number was
represented in Table 1.
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