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Genetic variation of local varieties and mutants groups induced
by gamma ray in Hypsizigus marmoreus

Jong-Bong Kim* and Dong-Won Yu

Department of Medical Life Science, Catholic University of Daegu, Gyungsan 712-702, Korea

ABSTRACT: This research was carried out to analyze the genetic variation of 18 wild strain, 2 breed varieties and 20 mutants of
Hypsizygus marmoreus by random amplification of polymorphic DNA(RAPD). Also, 3 strains of Lyophyllum decartes and 1 strain
of Lyophyllum shimeji were used. These mushrooms were collected from korea, china, Taiwan and Japan. Spores of H.
marmoreus JV-2 strain were irradiated by gamma ray for mutagenesis. 40 kind of primers were used for this reaserch. Number of
reaction primer were 31. Electrophorectic patterns of RAPD showed genetic variation. In phylogenetic tree, they were divided
into seven group. Discriminative differences were observed between wild strain and mutants in H. marmoreus. These results
might suggest that these primers and gamma ray irradiation of spores were useful tools for developing new strain for mushroom.
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735, Az 04?4
“’*}E} 63‘597{4 ”‘gﬂﬂ Bﬂ°]7} A7) wizel Al
A A 549 ‘FF‘I‘O] =
8710] =of 7}ar ]‘:]' oo wa} AeF JNEE
b fE 2P EARIRE 9] LAt RAPD
(Random Amplified Polymorphism of DNA), ribosome
o] ITS(Internal Transcribed Spacer)s<] DNA-2]WHA
Eo| ®o] o] &% I} (Kim and Jung, 2013).
eI P A (Hypsizygus marmoreus)s SR EF-<]

FEUAE, Soldlel H3 Hguson el e
MU 5 BY5Y TARS AR WA, 8, U

2, 3=, %T"rad S T2 5y Ao gt (Lim
et al, 2010).
o7 Ao
Blotg o) 3
Aoz Hl% v} Q)37 (Matsuzawa,
1998; Mori, 2008), ol = , S 7 5}o)
2 A A9 ﬂlﬁo”‘é"ﬂ A3t 347} A=
Aoz BIEUT(Park et al, 2001, Zanabaatar et al.,
2012). =3 “E]R7EHA 9] Hypsine IR &
ZSa 3 (Laim ef al, 2001)2 7K™, HM23(collagen
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binding protein)(Tsuchida et al., 1995), hypsiziprenol A9
(Chang et al., 2004)9} ThdA|E (Ikekawa et al., 1992)
FAEHRE Hols Ao E BilEo] Qi

RN AL g Al 7ol 2002\ -2yt
of =AEAL A Al dAlE7g ol Auistar AL
w&atA Aol Frkstal Ak v A=A e
LETIEHALS] FES o dEAA =5 sle R
FEivEr FAH R A e F52 8w Soll &3
s},

CE A #ek EAMAEE dATey FEE
of &g AR 20109 =E| WAL FF 5olF vt
71 WS Y3 AT (Lim ef al, 2010)2F LF @A 0 7+
S AR el Sl 3o Bk A (Kim
et al, 2011)5°] vk, v EAbA s 9%
RAPD EX A AL&-3F primer7} 371X 2% RAPD7} 7}
AAL e Wold EAl, ZE]al =ER e Ale] A AR
o W thget AlEEe] EAMAA zpolE s
o ofele Mol & & AUck. Tgk AF A Aol gk 7het
A 2Ab) o3k AR oM dFAAYER =4
ol gdel v 5o oHfw B SdNAES dxs
Atolol] EARFA ztolo] WA Tt o FAE
o] St}

ol¢} He- A= Hdste] B Aol 20579 =
BT A, AUV WA (Lyophyllum decastes) 15,
R 7P (Lysophyllum shimeji) 3% & 24%%52]
AefE} SxzA ] b S ARt fdgk S Ho A
20557 ol et 40F72] primers ARE-SF f-7Wo]
E A5t mANEE EdHe] §F9] 7HeES Bt
Skaral aF3itt.

M2 %

WEES

LETEA] A oMBAEE 18RS S5 A
2F%, oRIAURIIEHA 3FF, of BA R AL
15 25 3% 24E30|0tH(Table 1). oFYZES =41 5
5, QBN 3FF, A 1ES, U 35%, dE 3
FEoIth. 59 “EREHA 2FF2 24 AN
et Z o] th(Table 1).

EeiHo| 2F

Eddols At “ERIE N EE(IV-2)9] SR
Aol Zupd S AN & WGElHARE wste] WHE s
olth. AT =ERIIEMA (IV-2)¢] EAE 34, PDA
wjAlel =Este] gE WAR] ATael 9F] AES
(50~500Gy)¢} 2251 (1000~2000Gy)e] 7hvtilg FAls)
Atk 7S AN IAE ol A]7] G FFe

=, QSR 4 52 BAsl] Saue] Bu#TE

Ao}

Table 1. The source and locality of strains

No. Strain No. 7[efH&  Origin Species Type
01 CW-1 IUM 2461 China H. marmoreus Wild type
02 CW-2 IUM 3868 China H. marmoreus Wild type
03 CW-3 TUM 3891 China H. marmoreus Wild type
04 CW-4 IUM 3903 China H. marmoreus Wild type
05 CW-5 1IUM 1414 China H. marmoreus Wild type
06 CW-6 IUM 3835 China H. marmoreus Wild type
07 CW-7 TUM 3750 China H. marmoreus Wild type
08 CW-8 IUM 3888 China H. marmoreus Wild type
09 CW-9 IUM 3900 China H. marmoreus Wild type
10 CW-10 TUM 1621 China H. marmoreus Wild type
11 CW-11 IUM 2232 China H. marmoreus Wild type
12 TW-1 IUM 2127 Taiwan H. marmoreus Wild type
13 TW-2 IUM 1515 Taiwan H. marmoreus Wild type
14 TW-3 TUM 4145 Taiwan H. marmoreus Wild type
15 JW-1 TUM 4706 Japan H. marmoreus Wild type
16 KW-1 TUM 3880 Korea H. marmoreus Wild type
17 KW-2 TUM 1879 Korea H. marmoreus Wild type
18 KW-3 (7)Green Korea H. marmoreus Wild type
peace
19 JV-1 (—?p)gieeen Japan H. marmoreus b\r/:ZileiZg
20 JV-2% (—er)e(;r;en Japan H. marmoreus b\r/:er:i;itr?g
21 JW-2  TUM 1057 Japan L. descartes  'Wild type
22 KW-4 TUM 0946 Korea L. descartes Wild type
23 KW-5 TUM 4745 Korea L. descartes Wild type
24 JW-3 TUM 4725 Japan L. shimeji ~ Wild type
* Spores of this strains were irradiated by gamma ray.
Uaielrh, Eave] Bul@FE W) FFE se] By
of WelEF 7, Edwlo] TelgFel 44 welgrs
WHIATA EAHo] o] FFZ ST, clamp connection
ol ofsf ol dFE AL 3HHE At HE

RAPD (Random Amplified Polymorphic DNA) &44

Genomic DNA &

Genomic DNA®] 3% ]3] PDA HiA]ol|A] 204 oA
2347k wiFE dARE ARESERler, DNA FE92
(Lee er al, 1988)°] {5 o1k Wi sto] ARg-SFict. vl
¥t #AE 02-1g AFHS] mortare] €L liquid
nitrogen®. 2 FYA|A Y5 e ollA mAEHA wif st o
< lysis buffer [50 mM Tris-HCI (pH 7.2), 50 mM EDTA
(pH 8.0), 3% SDS, 1% 2-Mercaptoethanol] 500 plE %
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Table 2. Mating group of mutant monokaryon mycelia.

Aol A Sl F2% wol

gLt
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No. Strain no. species w913 (Gy) No. Strain no. species izl
1 RRB-1 H. marmoreus R2(50) x R9(50) 11 RCB-11 H. marmoreus CxR12(50)
2 RRB-2 H. marmoreus R2(50) x R85(200) 12 RCB-12 H. marmoreus CxR47(100)
3 RRB-3 H. marmoreus R3(50) x R47(100) 13 RCB-13 H. marmoreus CxR56(100)
4 RRB-4 H. marmoreus R9(50) x R47(100) 14 RCB-14 H. marmoreus CxR62(100)
5 RRB-5 H. marmoreus R9(50) x R85(200) 15 RCB-15 H. marmoreus CxR77(200)
6 RRB-6 H. marmoreus R9(50) x R110(200) 16 RCB-16 H. marmoreus CxR101(200)
7 RRB-7 H. marmoreus R12(50) x R47(100) 17 RCB-17 H. marmoreus CxR126(400)
8 RRB-8 H. marmoreus R12(50) x R127(400) 18 RCB-18 H. marmoreus CxR127(400)
9 RRB-9 H. marmoreus R47(100) x R110(200) 19 RCB-19 H. marmoreus C x R144(500)
10 RRB-10 H. marmoreus R57(100) x R90(200) 20 RCB-20 H. marmoreus  CxR174(1000)
R: Red monokaryon mycelia which are mutants
G: total dose treated with gamma ray
C: Control monokaryon mycelia
o] & 437, 65°C water-batholl A 1A]7F S¢F vh-eA)7] & Table 3. The list of primers used for RAPD
12,000 rpm (Effendorf 5415 centrifuge, German) 4°Col| . Sequence . Sequence
ISR AR £ AEAw Askich, ool B L G- NPT @y
9] phenol: chloroform: isoamylalcohol (25:24:1) &-<8-& *OPC - 01 TTC GAG CCA G *OPM - 01 GTT GGT GGCT

A7kl 15,000 rpmellA 527 AR A28
tubedl] 5N FH3IATH DNAZF Fol9)E Aeddl 2
vl 9] absolute ethanole 23 20-30% 7+ DNAS ZZA|
7 15,000 rpmollA] 5E7F LAEE] S HE. DNAEHS
Z7317] 215 DNAE 1008 3143} spectrophotometer
(ShimadzuUV-VIS1201, Japan)Z 260 nm<} 280 nmoi| 4]
FF=(OD)E =43l FEE AL, PCRS 93

template DNAZ A8-3} T}

RAPD primere} PCR

£ A7 PCR A3 Al RAPDE I3l AME-3F primer
= AEH HAlSo e 3% o 2 A &
Ao Fexe AYE kit primer (OPC 01~20, OPM
01~20) (OperonTechnologies, USA)E AF&-3}53 ). Code
name3} sequence (5' to 3')E Table 39 UERiA ST,
G+Ce] g2 60~70%°]12Utt. PCRE $13F reaction mixture
o] 242 EmeraldAmpGT PCR Master mix (TaKaRa,
Japan)E AFESIITE. Master mix®] genomic DNA
1.0 pl, primer 1.0 plE 932, ZA| ¥Hg- fdo] 20 pl7k

L5 32t SRTE FUFeIAT. & 439 RAPD &%
132 MJ Reserch PTC 150 minicyclerl4] thermal
cycle®] program-> (Park et al, 2011)¢] el w2} 5
sJtSit. Template DNA WS I8 94°Cellx 327F
predenaturation §+ T3, 94°C 30%7} denaturation, 40°C
of A 1%&7F annealing, 72°ColA] elongationS 5%4] #2]
sl DNAE SEZA7]= 2& 1 CycleZ 31912H, o]
A3 = 45 cycleZ T3 T DNA 30| €4 &

*OPC - 02
OPC - 03
*OPC - 04
*OPC - 05
*OPC - 06
*OPC - 07
*OPC - 08
*OPC - 09
*OPC - 10
*OPC - 11
*OPC - 12
*OPC - 13
*OPC - 14
*OPC - 15
*OPC - 16
*OPC - 17
OPC - 18
*OPC - 19
OPC - 20

GTG AGG CGT C *OPM - 02
GGG GGT CTT T *OPM - 03
CCG CAT CTAC OPM - 04
GAT GAC CGC C *OPM - 05
GAA CGG ACT C *OPM - 06
GTC CCG ACG A *OPM - 07
TGG ACC GGT G *OPM - 08
CTC ACC GTC C *OPM - 09
TGT CTG GGT G *OPM - 10
AAA GCTGCG G OPM - 11
TGT CAT CCC C *OPM - 12
AAG CCT CGT C *OPM - 13
TGC GTG CTT G *OPM - 14
GACGGATCAG OPM - 15
CAC ACT CCA G *OPM - 16
TTCCCCCCA G OPM-17
TGA GTG GGT G *OPM - 18
GTT GCC AGCC OPM - 19
ACT TCG CCA C *OPM - 20

ACA ACG CCT C
GGG GGA TGA G
GGC GGT TGT C
GGG AACGTGT
CTG GGC AACT
CCGTGA CTC A
TCT GTT CCCC
GTC TTG CGG A
TCT GGC GCA C
GTC CACTGT G
GGG ACGTTG G
GGT GGT CAA G
AGG GTCGTT C
GAC CTA CCA C
GTA ACCAGCC
TCA GTC CGG G
CACCAT CCGT
CCT TCA GGC A
AGG TCT TGG G

* . Reaction primer

A5

gE primer B2 33] o]ie] WhE

SFA]

S Sl 72°CollA SEZE HsksE v,
4°ColM B A& oH(Fig. 1). olwll ZH2ke] primeroll
tjgt A71e] PCR A4S 53 screenings AA|ke, A

B AF o

= =a=1

Zasel AE



Fig. 1. Electrophoretic patterns of RAPD using primer OPC-09(A), and OPC-13(B) in different strains of H. marmoreus, L.
descartes and L. shimeji, and mutant strains of H. marmoreus. M:1kb ladder marker.

Aol Fgst ArS F-83F primer2 273t RAPD
£ 433k PCR product= 5 ng/100 mle] F==2 ethidium
bromideE %713+ 1.2% agarose gel (SIGMA, USA)°lA]
1 X TAE buffero|A 50 mVE A7]9% slon, UVA
oA YE= DNA bandE 21311t}

Data 4]

RAPD A3}, vkg-o] Yehdt 32719] primerollA thgA]
o] Q== 3,03070¢] bandE LZA3I3ATE. WA 7} band
£ shtel Fd= FHudtd =361 0™ (Smith er al,
1986; White er al, 1990), HA| Z=3}st A5 E Hlg;S
2 A5 Ee 2l EX == UPGMA (unweighted
pair-group method, arithmetic average method) *H-<
AE-8F31 L, phylogenetic analysis®lA] PAUP 4.02b version
(Sneath®} Sokal, 1973)S AFE-3}e] parsimony analysis&
AN SR oH, B2 © 2= Heurestic searchS ©]-&-3}
ALk, olo] W option®Z ACCTRAN, MULPARS %
TBRE o] 2331t} B3k Nei (Nei., 1972)¢] %32 72
AFE T M S Nei-Lio] ABATE o83t A
T PES =&Y B2 AsgEe] ut AEd
A2 fFALEE 7122 k] NI (neighbour joining
tree)S 233G tH(Smith ef al, 1986). 2|3 F7+] &
A& HFAE Al (similarity  coefficient):= Sneath®}
Sokal 2] "PH (Sneath®} Sokal, 1973)° we} &ttt
T3t 7 BAES] AAAHE= jack-knifing (Farris er al,
1996)3} bootstrap (Felsenstein et al, 1985)2 ©]-8-3}]
A AT ol gk A2 1,0008] WHE AAISHATH

it % 0F#

2HEe| L, BZte| /A HO|

4071¢] random primer] (OPC, OPM) RAPD #4243}
OPC-3, 18, 203} OPM-4, 11, 15, 17, 195 A 9|3+ L}
OPC primer 177}, OPM primer 1571l tha] RE F5
A RE FFE) e WS Yl 3] whEa

NJ

Cluster 1

Cluster 4

3 Cluster 5

Cluster 6

w1t "I Cluster 7
CW-11
0.05 changes

Fig. 2. The phylogenetic tree of 24 different strains of H.
marmoreus, L. descartes and L. shimeji, and mutant strains of
H. marmoreus. This tree was constructed by NJ (neigbor-
joining) method. This tree showed 7 clusters.

e o] AFAe] | e HA 407 F R2FF
o] primerdt}. =2 5 53] polymeric band®] ¥1%=7} o}
A tde & Uebd primersS OPC-5, 7, 9, 13,
192} OPM-1, 2, 10, 12, 13, 18, 20°.& L}e}ytc}.

2 APoA 18F9] o =EviEhAle] Fu &4
oA PCRel ¢J3le] =9 bandE-2 200 bp~3000 bp A}
ole] 7k BE & Y= AR VEREIL band?] F=
Z39 w2}t 1~77199c}. (Fig. 1). 32701¢] random primer
ZHE A5FAS $I8t scrabble RAPD HIE=EES
marker® 3} Nei-Li's®] W& o]&3 HlFALE A
qE S AR A} o “ETEA] =7PE Fu
A 7 W WolE Bl T “E|REAl CW-
2, CW-3 Alo]7} 3.8%A 2™, W 7P =2 Blol& B
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Fig. 3. Dendogram constructed based on the RAPD in wild
type strains, varieties and mutant strain of H. marmoreus,
and out species.

AL F3 CW-77 3 =E] WAl KW-3 Ake] 7}
32%= YENRTE. 53] g o = WAl KW-
2, 33 F=H(CW), LEIW), HYHTW) o =E|ubrtet
WA {4 HFAREE vlwgt A3, Zb7) 24~32%,
24~29%, 27~29%%= Ef=3} H|wete] & Hol&S H
AT oY “EITEAE 18FF) T 9 59 AY
LERFEHA, SR ERPPEHA(F 35) 4
H-AEEO M E 32%~41%2] =& 34 vl-fA=7) o
E}LTE.

RAPD¥-2]¢l4 band®] ¥o]ell 71% 3 neighbor-joining
tree (NDEAQ] A3} F 7719 cluster2 FA = A th(Fig.
2). Cluster 4, 6, 7] 7% Zt7} Z=, 9k, Y& o=
Hubte £50] 7P F&o] vuEHA| clusterE 34
slom,| E3] KW-2, 3°] cluster 39 86/86 jackknife/
bootstrap A A= UER (Fig. 3.) SA4<l FE & 4
SHA . B3 outgroupd F ¢ AHTHERHA, HX]TE
7heAle] cluster 29] F-2]5 98/98 XA =E YERH
P Ak (Fig. 3.) olelgt A= dh= o “=Evvie
HAIEQ] KW-2, 30] 2=, 4&, tjvts} vlaste] 5214
A FHE FEFOEA FF “ERIIYHA §FA] o
2 =7} 2k ¢ Qe 7HeAo] B8 Ao ek
t}. o)ie] A3ES RAPDO )8 g7l B4}
42 oA 2709 clusters: A o = oA

segbeusle] A el SAvelAse 414 Mol 185

FEE°| A4 groupg YERHA] YT BIL(Lim er
al, 2010)7 z}o]7} Qom o]= ARR-E primer 27 5}
EF0| zolo] WE Zlow Aztdr), F3 e
Adlutyiet, SR WA S SAA 719 FEjE] 5439
P2 ztol= RAPD 40l &g Ale-Hd a2 Ajo]
AR TS E 7 ATt

=71 25 §H4 Hololx okl F=, A&, H
g, s “EIEE ) vlwete] Fu 47 BlfARE
ZVz} 18~27%, 22~26%, 19~26%, 19~29%% ERTEH.
ol YA SF =EHYEHA 0] o]z Ak o =F
A A 2polE BY o™ NJ treed] 23 &
Aol JV-1, IV-2 25 cluster 1, cluster 2& oY =E]qt
7reAla o2 Ex1490 clusterE EA3FATHEFig. 2).
ol A9 MMl §F7|s g SEFE T Alo]
ERH o2 X7} Qe Aow WHEH, S 22 o
2, =0 SFERIgAY] AlSdsH vl
Mg Bl M2 ] &% A 712 ABEH oF e

Aoz AlaHT

e

#HOK EH0| #F2| /A HO|

2 AFoM e gk 2AF FFL2E V28 ARESE
AT =3 SAHo| HElFFARY] A HE | AAYEE
of ME 5ol JAS Adste] F 2070 wuiFS AU
o} 2059 Aol FF Wl SIRAPDe €] 14
HIFAE 7} 3.5~26% AT, B8k Zhabd ZAF i w52
V2291 =d™o] “E R FHA o] §-1 4 BIfALE
£ 13~23%% UebTh NJ treeclr] Ewo] e}
AFEZFo] JV-29F A cluster 12 SA}F¢l FElE

skith(Fig. 2). 2evt B2 WA SdRlo] &
FE2 cluster 19] subgroupSZA groupl¥} group2 =
oA 2L JV-27F EA 22 94/95 jackknife/bootstrap
AAE Do, group 194 =AW FFEF HE2A
grouping = ATH(55/57 jackknife/bootstrap). ©l= 932
A EdHo] T3 (Kim ef al., 2011)E TE o]AS
ER AT

o] “ERIIYHAE Ayt g, dE, T,
Rt opF ] A WIfFAREAA 27~36% % H]aLH
=2 44 Hol=E HAY. NJ treedl X = oA S
EL cluster 2, 3, 4, 5, 6°] 2] Kol on, WAlAd &
Ho] F9l cluster 1°0] ZAFF 02 Fg] A ojHt}, o] 1t
AP Eddolo] o) AlefAstd At Welrt A=
Ao g Az ")

ool AAEE Kol oA T AN =AW
of A Ho7F ERIFeEN, ko E o] MA FF
of WA SFHHol A& 7Hed Zo= dArkE),
gt GEALE o]&5F b SFollAfe] AR ARl
2l 50~400Gy=EA] =E]R/IEAl Bt o}, Tt &
o WAl b FAWo] &% A& 7sd Zo=E A

=
34
=z=
o =2

N (
- =

MNHE A

2
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Hr}, Z27pE0 2 KW-2, 30] T2 oR E] vl kAl
I =242 NJ treeol A cluster® FAF =& §AA
th]o]_\:_‘* 1_1— iﬂ-u]- OZ, T —D-HH _q__,_}\] *(r)r
kel d Ao AFEEM, OPCE OPM primers ©
3t “E|lRIEAY] AlESAEE Ho|lxE  ur

T =0

S
9, op
fr oo rob |

ol

marker24] && 715 Ao g FAd=E),
q Q

B aTE mERlehA 20EF WA, ALt 3
B 63, AR 155 W Sevo] LeRvie
A 20EF] SHZ uﬂo]e RAPD o] 2Js) #4313
Al st o5 , o, G, iR SolA
gk Asoltt. bﬂt’W}ﬂﬂV*oﬂ AnpdE AN =
AOAE =AU

B Apo o]&-3F primersS 405 F AL ©] T 315F

o d
== T_T_‘&]l

9] primer§o] ¥H3-& YERUTE. RAPD A=
& At o] & FFoRE Y cluster® Uylo] ATk,
EAMAES frH o fo) 2}0]7} A= subgroup
o2 U F YA}, o) AAEL B AF ALR3
primerE3} EA] Zvbd FAL 5 qu o] NZZE st
of &% =77t 2 Re= qugu},

aAel 25

B A7e griEg gt 2ol oste] = US
Yt
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