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ABSTRACT :

Weonhyeong is one of important commercial strains. It has good characteristics of bundle formation,

grey colored pilei and high productivity. We previously reported grouping of 70 strains of Pleurotus ostreatus in
which one group contained 35 strains including Weonhyeong. Four strains in that group showed same profiles
implicating no variety distinction for mushroom cultivation. Now we developed a specific marker for identification
of Weonhyeong. Sequence Characterized Amplified Region (SCAR) marker was developed from the RAPD amplicon.
SCAR marker ‘S-OPOS’ produced only one band specific to 2183, 2240, 2595 and 2725 strains showing similar
banding patterns to Weonhyeong in RAPD-PCR results. The sequence of ‘S-OPOS’ marker was unknown when
compared with the data in the Genbank using BLASTN. BLASTX results indicated that the marker showed significant
alignment with the protein sequences in Tricholoma bakamatsutake reverse transcriptase. The results indicate that this new
SCAR marker ('S-OPOS5') will be valuable to distinguish the Weonhyeong similar strains from Pleurotus spp.
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Table 1. Pleurotus strains used in this study
Lane no. ASI* no. Commercial name Species Source Year
1 2851 Nongmin59 P ostreatus Korea 2006
2 2830 Baekdul P ostreatus Korea 2005
3 2829 Jangpung P ostreatus Korea (KMACCS53972) 2005
4 2828 Samgu9 P ostreatus Korea 2005
5 2827 Sinnong26 P ostreatus Korea 2005
6 2826 Sinnong22 P, ostreatus Korea (KMACC53909) 2005
7 2825 Sinnong14 P ostreatus Korea 2005
8 2029 2029 P ostreatus Korea (KMACC51372) 1978
9 2001 Nonggi2-1 P ostreatus Korea (KMACC52243) 1971
10 2018 Nonggi201 P ostreatus Korea (KMACC51362) 1978
11 2072 Nonggi202 P ostreatus Korea (KMACC51410) 1980
12 2180 Wonhyeong P, ostreatus Korea (KMACC51493) 1990
13 2194 Aeneutaril P ostreatus Japan (KMACCS51506) 1979
14 2183 Wonhyeong?2 P. ostreatus Korea (KMACC51496) 1990
15 2240 Wonhyeong3 P ostreatus Korea (KMACC52342) 1994
16 2228 Chunchul P ostreatus China (KMACC51529) 1994
17 2344 Chunchu2 P ostreatus Netherland (KMACC51632) 1995
18 2706 Heukpyeong P ostreatus Korea (KMACCS52328) 2001
19 2535 Byeongneutaril P ostreatus Korea (KMACCS51778) 2000
20 2506 Gyunhyeopl P, ostreatus Korea (KACC360) 2000
21 2505 Oknongl P ostreatus Korea (KACC359) 2000
22 2477 Heukjinju P ostreatus Korea (KMACCS51724) 1999
23 2487 Cheongpung P ostreatus Korea 1999
24 2488 Myeongweol P ostreatus Korea (KMACCS51732) 1999
25 2504 Suhan P ostreatus China (KACC358) 2000
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Table 1. Continued
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Lane no.  ASI* no. Commercial name Species Source Year
26 2549 Sinnong94 P. ostreatus Korea (KMACC52282) 2000
27 2595 Suhan2 P ostreatus Korea (KMACC51818) 2001
28 2596 Suhan3 P. ostreatus Korea (KMACC52325) 2001
29 2598 Sinnong46 P ostreatus Korea (KMACCS51820) 2001
30 2594 Ilseong?2 P, ostreatus Korea (KMACC51817) 2001
31 2597 Sinnong8 P ostreatus Korea (KMACC51819) 2001
32 2593 JanganPK P, ostreatus Korea (KMACC52326) 2001
33 2707 Kimjae9 P ostreatus Korea (KMACCS52311) 2001
34 2708 Kimjael0 P ostreatus Korea (KMACC52312) 2001
35 2709 Jangan2 P ostreatus Korea (KMACC52313) 2001
36 2710 Heungrim1 P. ostreatus Korea (KMACC52314) 2001
37 2711 Jangan3 P ostreatus Korea (KMACC52315) 2001
38 2717 Nongminl P. ostreatus Korea (KMACC52320) 2002
39 2718 Kimjae7 P ostreatus Korea (KMACC52321) 2002
40 2719 Kimjae8 P ostreatus Korea (KMACC52322) 2002
41 2721 Jangan5 P ostreatus Korea 2002
42 2722 Jangan6 P. ostreatus Korea (KMACC52324) 2002
43 2724 Nongong99 P ostreatus Korea 2003
44 2725 DH1012 P ostreatus Korea 2003
45 2726 Sinnongl1 P ostreatus Korea 2003
46 2727 Sinnong12 P ostreatus Korea 2003
47 2728 Sinnong13 P ostreatus Korea 2003
48 2729 Cheongdo21 P ostreatus Korea 2003
49 2730 Cheongdo22 P ostreatus Korea 2003
50 2731 Wangheukpyeong P ostreatus Korea 2003
51 2732 Nongong98 P ostreatus Korea 2003
52 2733 Chiak3 P ostreatus Korea 2003
53 2734 Chiak4 P ostreatus Korea 2003
54 2735 Bupyeongkirin2 P ostreatus Korea 2003
55 2736 Bupyeongheukdand P ostreatus Korea 2003
56 2737 Sodam P ostreatus Korea 2003
57 2738 Heukbaek P ostreatus Korea 2003
58 2785 Bupyeongsoyeopl P ostreatus Korea 2004
59 2786 Bupyeongbokhoe P ostreatus Korea 2004
60 2788 Jangan7 P ostreatus Korea 2004
61 2789 Samguhwanghak P ostreatus Korea 2004
62 2790 SamguPJ P ostreatus Korea 2004
63 2791 Samgu01 P ostreatus Korea 2004
64 2794 Chiak5 P ostreatus Korea 2004
65 2795 Chiak7 P ostreatus Korea 2004
66 2796 Samgus P ostreatus Korea 2004
67 2797 Samgu8 P ostreatus Korea 2004
68 2787 Yeongnongl P ostreatus Korea 2004
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Table 1. Continued
Lane no.  ASI* no. Commercial name Species Source Year
69 2792 Hanral P ostreatus Korea 2004
70 2793 Hanra2 P ostreatus Korea 2004
71 2016 Sacheol P. florida Germany (KMACC51361) 1976
72 2181 Sacheol2 P. florida Thailand (KMACC51494) 1990
73 2070 Yeoreum P sajor-caju India (KMACC52247) 1982
74 2333 Yeoreum?2 P sajor-caju Korea (KMACCS51621) 1995
75 2479 Sambok P sajor-caju Korea (KMACC52343) 1999
76 2079 Jeonbok1 P abalonus Thailand (KMACC50312) 1982
77 2302 Keunneutaril P eryngii Japan (KMACCS51595) 1995
78 2394 Keunneutari3 P eryngii Japan (KMACCS52327) 1997
79 2720 Baeksongi P. nebrodensis Korea (KMACC52323) 2002
80 2859 Noeul P salmoneostramineus Korea 2007
81 2858 Geumbit P, cornucopiae var: citrinopileatus Korea 2007

*ASI, Agricultural Sciences Institute, Suwon, Korea; KACC, Korea Agricultural Culture Collection; MKACC, Mushroom Korea Agricultural

Culture Collection; Year, Collected year
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Fig. 1. RAPD polymorphism of Pleurotus ostreatus amplified
by 10-based Operon primers. Lanes 1: 2180, 2: 2344,
3: 2504, 4: 2851, 5: 2830, 6: 2827, 7: 2477, 8: 2487,
9: 2488, 10: 2710, 11: 2711, 12: 2717, 13: 2730, 14:
2731, 15: 2732, 16: 2786, 17: 2790, 18: 2791. Arrows
indicate strains-specific bands.
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GTAGTTTTTTGATTTTCTGAGTTTAGATAAAATAGGCGACTCTGTGCCGTCGATTAGGAC
ATGACCTTGCTGCATGGCCTTGATTCAARAATACTCTGGCTTCAAARGGACCGTTGTATT
GTTGTCTTCCCCCCTATTAAGATCTGGTTGTCTCAACAGGACATCTGCCTTCATATTTGA
AGCTCCTGGCTTGTGCTTTAATATAAAGTTAAACCTCARCAAATATAACACCCAGCGTGE
CTGGTGTCTGTTTAGCTTTTTGGTTGTCATGAAGTACTCCAAGTTTTTATGGTCTGTCCA
ARTGGTGAACTGATGTCTGTTTCCTTCTAGGTCTCCATGCCTCCAGGCCACGAATGATGE
CTAGCATCTCTTTGTCGAGAATATTGTAATTCCTCTCTGTCTCCGAGAACCCTTTTGAAR
GGAAAGTGCAGGGTCTCCACTTTTCGTCCTTGCATAGCATGGAGAGCACTGCTCCCAATG
CATAATTGGATGAATCTGCCTCTATCTTCATTTCTTGATCCGTGTCTGGTAGCACCAGGA
TCGGTTCTTCCATAAATAGTGTCTGGAGCTTCTCAAAAGCTCCTTGCCTCTTCTCGTTCE
ATACAAACTTTTCCTTCTTTATAGTGAGTTTGTGCAACGGTTTAGCAGCGGTGGCARAGT
CCTTTCTGAACCATCAATAGTAGTTGCTAAATCCTAGGAACTGCTGTACATACTTGTTGE
ACGTTCCTTGGAACCAGCCAATCTTTTACCACTTCTATTTTTGCTTCTTCCATCTGCACE
TTGCCGTCTTTTACTACTACTCCCAGGAACTCCACTTTGTTCACCTCGAACGTGCACTTT
TCTGGTTTTACATATAAATTGTTGTCCTCGAGAATTCTTAACGCTCTGCATACTACTTCT
TGGTGCTTTTGTACATTGTTGTCCATGAAGCTAAGTAAATCGTCTARGTATATAACTACA
AGTCCTTCATCAATARGATCTTTAAAARAGTTCGTTCATCGTGGTTTGGAAAGTAGAAGGEG
GAATTACTAAGTCCAAAATACATARCCACAGGTTTGAATGCCCCTCTTGATGTCTGGAAG
GCAGCCTTCCATTGGTCTCCCTCTTTTATTCGTACATTIGTTATACCCCCATCGGAGRTCD
ATCTTTGTAAATAACCGTGCCTTCGCTACCTTGTCCACCAACTGTGAGATTAATGGCAAA
GGGTAGGCGTTCCATATGGTGTGTTTATTTAAATAACGATAATCTTGGACTAGCCTCTTT
TITCCATCCTTTTTCTGGACAAAGAAAACCGGCAATGTCTGTGGGGCTGGGCAAAGCGGA
AATTTCATAGCTACTGGATAGCTGCTGTTCCCACTGTGGGCAAAACCTTTGGAGCATGTG
GATTGCAACCAGAGCCATTTGCTTAATGTTGGACAGATCATCAGAGTGACTGGGAATCGA
< LLLLLLLLLLLKLLKLKL

S-OPO5-R

ATTCC
LKL
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Fig. 2. Nucleotide sequences of 2180 clone. S-OPOS5 (F) and S-OPO5 (R) primer sequences for a SCAR marker are shown as
arrows. Sequences of OPO-05 primer used in RAPD analysis are red box.

Table 2. Putative alignments of nucleotide and protein sequence encoded by ASI 2180 clone

Algorithm Significant alignments Score (bits) E value
BLASTN ABO036886: Tricholoma bakamatsutake pol gene for reverse transcriptase, partial cds 120 2¢7
BAA92704: reverse transcriptase [7richoloma bakamatsutake) 236 le™”
BLASTX XP _001835330: conserved hypothetical protein [Coprinopsis cinerea okayama7#130] 242 le”
XP_001835233: hypothetical protein CC1G 07776 [Coprinopsis cinerea okayama7#130] 241 4e7'%

E_:‘i" e il __’i” (Pleurotus spp.) 81EFFC2 sl AFLAE O]J‘X}'

- SHATE. Table 32 18%%°l tid RAPD 404
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' R: 5'-GGAATTCGATTCCCAGICAC-3" )= thefs =] &

i Zol| 4] 1436 bp, 1428 bp 2] 3 450 bp F-E-ollA] band7} L}E}

Fig. 3. SCAR-PCR product of Pleurotus spp. DNA amplified
by 'S-OPOS5' primer. 1436 bp SCAR markers were

detected in 2180, 2183,

indicate the specific SCAR markers.

] Xe)
DNA marker® 7l@él= 2o
OE £3504 593 b

ST} 1436 bp F-EollA band’t UERE 52 P ostreatusl
&3l= 2180, 2183, 2240, 2595, 2725

2240, 2595, 2725. Arrows

2072, 2016 EELS 1428 bpe} 1436 bp -1
PCR bandS H-4319T). o37)4 2072, 20162
E2 URP-PCR ¥4 (4 5, 2008) Ao 159] =

AZ FAE o|FA Ue A= IRIE 75
Fig. 4= A2k 'S-OPOS' primer® PCR3F A3} 3-5% 7+
SCAR marker 72 574 F507 YER K= 5°] bands 2 bands HQl 4559 zwiﬂ el E v|wdk Aoy,

= 490 A3 B Al s w9l el 755 2
ban’} R A9 WAE 5 Aol vigal A e,
S7) ol B AT FAEERE eRlNAR 2 Al SEFON 2 ZuIs) $4

'\ii‘o

919—“%

+ 719

6 Al2ISt 545
Solt},
b Azke. gre Flalo g

ZE FEE B 2072, 2016
A o] F71891 Wk



28 7

Table 3. Nucleotide frequencies and alignment score of PCR
product produced by ‘S-OPO5’ primer

Strain Score
2016-1 (upper band) 2016-2 92
2016-1 2180 99
2016-1 2183 99
2016-1 2725 99
2016-2 (under band) 2180 92
2016-2 2183 92
2016-2 2725 92
2180 2183 99
2180 2725 99
2183 2725 99
Strain T (U) (%) C (%) A (%) G (%) Length (bp)
2180 33.8  23.1 235 196 1434
2183 337  23.1 237 194 1436
2725 33.8  23.0 238 194 1438
2016 (upper band) 337 230 237 195 1438
2016-2 (under band) 329 234 237 20.1 1426
Avg. 33.6 231 237 19.6
S.D 038 0.16 0.11 0.29
CV 1.14 071 046 149
2180 2183
2240 2595
2725
2072 2016

Fig. 4. Fruitbodies of two Pleurotus strain groups showing
same bands amplified by ‘S-OPOS5’ primer.
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Fig. 5. RAPD fingerprinting patterns of two Pleurotus strain
groups amplified by Operon primers. Lanes 1: 2180;
2: 2183; 3: 2240; 4: 2595; 5: 2725; 6: 2072; 7: 2016.
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u71go g thit FAo] ZE 1 zhe] AL Agtalo}
oAM= 2l WAe) 7R EA40] k. ¢ 77HA

primer= PCR%F 23} BF 7H2 band Y32 HoH,
22402} 2725 98 F53 band pattern©] vh$- AL
A|RF OPI-133} OPH-04°14 F7F THE band pattern©] ¥
ZE| Q). o] A= o]xo A 5(2008)°] Eg URP-PCR
A7) AXEIATE B AoA] 4F FF 5] marker
2 /e ‘S-OPO5’ primer=s #%52 #34 5434 A
B o] Hlszsi, F552d00 o] 8 e REe] AlRIE AL
st FZE7] YERG band?] ASE HAEQTh Specific
primer ‘S-OPO5’Z 3% bandE F 218037 TFE 91X
oA LRt 2016 F52] band= 218034 20160] FAA1 2]

2 alleledl] $1XI317] wiZell VEROH, 20160] 21802
BaFolng AgE SFAEZ FAFA mEba cs-
OPO5’ marker= 93 FARESS 7Es=H o8& &
nom, FEl 5ol ARE o]§F F US AR
detEnh

‘S-OPO5’ SCAR PCR 29| Y¥I7IMY 24

TFHE 21802 L33 F47) FFoAM 1436 bp F-919}
1428 bp F9]°l YR PCR band®] G714 8-S ols}o]
FE7 2o 2 mLESI Tt 2180, 2183, 2725, 2016 52
5] band DNA €742 w43 A3= Fig 60 SUth



' el HAloA dF F

2725
2183
2016-1 TGGAGAGCACTGCTCCCAATGCATAATTGGATGAATCTGCCTCTATCTTCAT 535
2180 G :4ATGGAGAGEEACTGETECCMTGI@'MTTGGATGAATCTGEETCTATETTEAT 535
2016-2 GCATAACATGGAGAGCACTGCTCCTGATGTGTAATTGGATGAATCTGCCTCTATCTTCAT 540

GCATGGAGAGCACTGCTCCCAATGCATAATTGGATGAATCTGCCTCTATCTTCAT 535
TGGAGAGCACTGCTCCCAATGCATAATTGGATGAATCTGCCTCTATCTTCAT 535

2725 TTCTTGATCCGTGTCTGGTAGCACCAGGATCGGTTCTTCCATAAATAGTGTCTGGAGCTT 595

2183 TTCTTGATCCGTGTCTGGTAGCACCAGGATCGGTTCTTCCATAAATAGTGTCTGGAGCTT 595

2016-1 TTCTTGATCCGTGTCTGGTAGCACCAGGATCGGTTCTTCCATAAATAGTGTCTGGAGCTT 595

2180 TTCTTGATCCGTGTCTGGTAGCACCAGGATCGGTT! CCATAAATAGTGTCTGGAGCTT 595

2016-2 TTCTCAATCCGTGTCTGGTAGCACCAGGATCAGTTCTTCTGTAAATAGTGTCTTGAGCTT 600
AEEE AREERAEAERRERAERALD rEE FRER FERERRES *

srERES

2725 CTCAAMAGCTCCTTGCCTCTTCTCGTTCCATACAAACTTTTCCTTCTTTATAGTGAGTTT 655
2183 CTCGTTCCATACAAACTTTTCCTTCTTTATAGTGAGTTT 655
2016-1 CTTCTCGTTCCATACGAACTTTTCCTTCTTTATAGTGAGTTT 655
2180 C o CTTCTCGTTCCATACAAACTTTTCCTTCTTTATAGTGAGTTT 654
2016-2 CAAMAGCTCCTTGCCTCTTCTCATTCCATACAAACTTTTCCTCCTTTATAGTAAGTTT 660

Fig. 6. Multiple sequence alignment of ‘S-OPO5’ PCR band
nucleotide by the CLUSTALW program. The asterisk
in the sequences denote same nucleotide state as the
all taxon.

2180: 0.00175
2725: 0.00035
2183: 0.00087

2016-1 (upper band): 0.00139

0.01 2016-2 (under band): 0.07144

Fig. 7. UPGMA tree based on ‘S-OPO5’ PCR band sequence
of Pleurotus species.
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SXE  http://www.ebi.ac.uk/Tools/clustalw22ll4] CLUSTALW
2 A% AFolt}. 22 XA bandE HSl FEE
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‘S-OPO5’ primer2 PCREF & #H3E 2180, 2183, 2725,
20162] 5°] bandE sequencingdl] ©] AZZE NCBIoA
A|F3H= BLASTN programe ©]83t9 555 U=
nucleotide®}8] YXAJL BAEIH oL YR HE BuE 2R
T fIAeh. wEbA BLASTX programs ©]-8-afof ©hijd o}
WA E AN e ANS S AIE BHE 2183,
2725, 2016 FEE° wlde AHEWARL Coprinus

cinereus?] hypothetical protein, :0]&9l| &38= Tricholoma

£0] SCAR marker 7|2 29

bakamatsutake2)] reverse transcriptase®} 72% ©1’d<] FAMIS
HATE 23y 2180 EFF2 Tricholoma bakamatsutake]
reverse transcriptase®} 334719] ofu| At 232717 UX]
ate] 69%°] FrAMS S UER thE FE5E5 AolE B
L FTL gaps U FEEH v]aste] w2 Hela,
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o9~ fAFSIA 0™ UPGMA #4143 sl 5 i<t
2 BEFEI ] nucleotide F7141E-2 NCBI database
ANx Fsidol e FAAE S F e, opeAt
ES 2493 A3} NCBI databased]ol] S5k B8
HAAE F Fo] & &3= Tricholoma bakamatsutake2)
reverse transcriptase (Accession no. AB036886.1)2} 71
Aol =& o2 YERtth(data not shown).
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