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Genetic Variation in Fammuiina velutipes
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A genetic variation within 29 strains of F. velutipes was analyzed by internal transcribed spacer (ITS)
sequence analysis and random amplified polymorphic DNA (RAPD). Seven hundred and twenty base
pairs were sequenced during the analysis of the ITS region, but no significant variation was observed
among the 29 strains of F. velutipes. Sixteen out of 40 random primers amplified polymorphic RAPD
fragment patterns. The polymorphic levels of RAPD bands by some primers (OPA-2,4,3,9,10,20) were
very high in all 29 strains, with 3,030 fragments ranging between 200 and 2,000 bp. Intraspecific genet-
ic dissimilarity of the 29 strains was calculated to range from 3.3% to 45% by Nei-Li's method using
these 3,030 RAPD bands. The genetic variation among Korean strains was relatively high, with dissim-
ilarities ranging between 17% and 38.6%. In the Neighbor-Joining analysis using the genetic dissim-
ilarities based on RAPD, all 29 strains were classified into 5 clusters. Strains in each cluster showed
specific characteristics according to their origin and strains. These results suggested that OPA and
OPB primers could be used for developing molecular genetic markers and screening of unidentified

(£ velutipes) strains.
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Table 1. The source and locality of strains

o =2 M
=
ol

o
=

N
o
IS

of\

30 ML

2

A8 Y 1WA (Flammulina velutipes) 3+ 29

o2 o

£

—_
—
V)
=
)
—

pAYN R

=71 o

9] opl

(3H= 10%,
T 2%, B 8%,
Adigta, (F)1ds
CR-RAPD £4&

R

49 2%,

~

ot OH‘ O{

7:51./\

S
i
@
o)
b

=

2 2 HI O

[ (e

o
Orr

ol
e

Genomic DNAS] F&& 913l PDA s Ao A 204 ol A 23
A3t g TAHS AHEEFS o, DNA F2/E Lee 515]
ozt W@ste] A&stGATh
kst TAME 021 g AF 3] mortare]l ¥ 2L liquid nitro-
gen® 2 7 W AJA WEAE oA plAleHA kgt ok lysis
buffer [50 mM Tris-HCl (pH 7.2), 50 mM EDTA (pH 8.0),
3% SDS, 1% 2-Mercaptoethanol] 500 ulE o] 2 4111, 65C
Water batholA 1A17F < ¥H3A1Z1 & 12,000 rpm
(Effendorf 5415 centrifuge, German) 4 C oA 15%3F YA E
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NS A7} 15,000 rpmol| A 5
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Strain no. Species Sample Origin Type of Pileus Type of stipe Type
Color Size Color Size
01 F . velutipes KB-1 Korea Brown Small Brown Thick  Wild type
02 F . velutipes KB-2 Korea Brown Small Brown Thick ~ Wild type
03 F . velutipes KB-3 Korea Brown Small Brown Thin ~ Wild type
04 F . velutipes KB-4 Korea Brown Small Brown Thin ~ Wild type
05 F . velutipes KB-5 Korea Brown Small D.Brown Thick ~ Wild type
06 F . velutipes KB-6 Korea Brown Small D.Brown Thick  Wild type
07 F . velutipes KB-7 Korea Brown Small D. Brown Thin  Wild type
08 F . velutipes KB-8 Korea Brown Spread L. Brown Thin Wild type
09 F . velutipes KW-2 Korea White Large White Thick  Variety Breeding
10 F . velutipes KB-9 Korea Brown Spread L. Brown Thin ~ Wild type
11 F . velutipes KB-10 Korea Brown Spread L. Brown Thin ~ Wild type
12 F . velutipes KW-1 Korea White Large White Thin  Variety Breeding
13 F . velutipes JB-1 Japan Brown Small White Thick ~ Wild type
14 F . velutipes JB-2 Japan Brown Small White Thick ~ Wild type
15 F . velutipes JW-1 Japan White Small White Thick  Variety Breeding
16 F . velutipes JW-2 Japan White Small White Thick ~ Variety Breeding
17 F . velutipes JW-3 Japan White Small White Thick ~ Variety Breeding
18 F . velutipes JW-4 Japan White Large White Thick  Variety Breeding
19 F . velutipes JW-5 Japan White Large White Thick  Variety Breeding
20 F . velutipes JW-6 Japan White Large White Thick ~ Variety Breeding
21 F . velutipes JW-7 Japan White Large White Thin  Variety Breeding
22 F . velutipes JW-8 Japan White Small White Thin  Variety Breeding
23 F . velutipes CB-1 China Brown Small Brown Thin ~ Wild type
24 F . velutipes CB-2 China Brown Small Brown Thin  Wild type
25 F . velutipes CW-1 China White Large White Thick ~ Variety Breeding
26 F . velutipes CW-2 China White Small White Thick  Variety Breeding
27 F . velutipes CW-3 China White Small White Thick  Variety Breeding
28 F . velutipes CW-4 China White Small White Thick ~ Variety Breeding
29 F . velutipes CW-5 China White Large White Thick  Variety Breeding

D. Brown: Dark Brown
L. Brown: Light Brown
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DNAE FAAIA 15000 rpmol| A 527 9428 st
DNAZ#HS Z4317] 918 DNAE 1008 3] 43}e] spec-
trophotometer-(Shimadzu UV-VIS1201, Japan)Z 260 nm$}
280 nmol A FFE(OD)E FA3t =5 A4tstal, PCRE
98 template DNAZ AR&-3} %t

ITS primere}t &=

ITS 71L& EA4et7] Aste] S5 F£2 White 5
[22]el oJ3] EaE fungi®] ITSY Y F partial 16S ribosomal
DNA, complete ITSI, 5.85 ribosomal DNA ¥ partial 28S ri-
bosomal DNAT. Z%-& ]3| ITSP1, ITSP2, ITSP3, ITSP4
primerE-$& A8} HH(Fig. 1). %2 Bioneer PCR kitE Al
&3tdth £ 4382 MJ Research PTC 150 minicycler®l 4]
T332 0 H thermal cycle® programe primer ITSP 17}
2, ITSP33 ITSP4E 22jste] Ah&-ste] wH-g-AlZ{Th

ITSP 13} 29} PCR ¥H3- 27 template DNA W &S 93]
94T A 3027 denature, 50T ¢l 4] 30% annealing, 72°C |
A extensions 184 *2|3te] DNAE SEA7]|& A& 1
cycleZ2 314 40 cycleZ 43t t}. ITSP3#} ITSP4 primerE
°]-§% PCR ¥H-&-2 94Tl A 3027+ WAA 7L, 50T ol A
3027t annealing, 72 C o A] 133t extension 2& 1 cycle®
3to] 40 cycleZ 33 HTh.

PCR producte] &AM 2 ITS ¢7|MY 2A

ITS T 9999 PCR A& H7]9%E3ste] dehhs DNA
bandE &<l ¥, QIA-quick PCR purification kit (Qiagen
Inc., USA)E o] &3t A5t

A E PCRAHES 0|83t Perkin-Elmer applied bio-
systems ABI 377A (Perkin-Elmer Co.,USA)E ©]&3}4
PRISM Dye Dideoxi Terminator Cycle Sequencing® 43}
ATH7,8,20]. 917 9714 E S Gene Bank ©l o] E]H]| o] 2]
58 A FEe st

%714 €& Sequencher (Gene codes Co., USA), Clustal X
£ ©]8-389] alignment A7 F, HF AT L2 FAPoR

ITSP1— ITSP3—

HAs 3

RAPD primer2} PCR

B 39 PCR 43 A] RAPDS 98} A3 primers
AED HAS te 44 g 2 frddA £4d &
£5& 494 kti primer (OPA 01~20, OPB 01~20) (Operon
Technologies, USA)E AH&-3FAth. code name? sequence
(5 to 3')= Table 2 ol YePA O™, G+C 32 60-70%
o] Att.

PCRE $3F reaction mixture®] Z4-2 Bioneer PCR kit
£ AHE3HA T PreMix kitol genomic DNA 1.0 ul, primer
10 uE ¥aL, AA ¥ &Ho] 20 7t HEF 33 SHTE
A7 st o

£ 2] RAPD Z%4H8-& MJ Reserch PTC 150 mini-
cyclerol Al thermal cycle®] program-2 Park 5[18]¢]
ute} =851t} Template DNA H &S 93] 94T A 3%
7+ predenaturation g+ Th, 94°C 3027t denaturation, 40C
o A 1371 annealing, 72C oA elongation & 5%4 A 23}
o] DNAE SFA7] A& 1 CydeZ 3tHoH, of AFdlA
T 45 cycleZ F3319ITh DNA S0 B¢ & HFHA &
A& S 72Tl A 523t A 8hgt Tk, 4Tl A B3 A
Sttt ol Zkzte] primerol] Hig 44719 PCR A4S &
screeningS A A|3}o], B H primer 2 33] o]4e] WHE
P& Tt AP0l T AvkE F&3 primers 2
sttt

RAPDE 3¢ PCR product= 5 ng/100 ml® FE=&
ethidium bromideE #7}8F 1.2% agarose gel (SIGMA, USA)
o] A 1x TAE buffers] A 50 mVZ #71%9% 31%2H, UV
4ol YElU= DNA bandE 313t

2 ok oo

Data 24

RAPD 23}, ¥H8-0] Y 16702 primero] A t}& Ao
AA == 3030709 bandE HASAT WA 2 bandE S
of ¥AR FHFste 26t 0m[20,22], 121l AA A=

Nuclear small subunit
ribosomal DNA

ITS I 5.85

Nuclear large subunit
ribosomal DNA

ITSI

—ITSP2

—ITSP4

Forward primers

Reverse primers

ITSP-1 : TCCGTAGGTGAACCTGCGG
ITSP-3 : GCATCGATGAAGAACGCAGC

ITSP-2 : GCTGCGTTCTTCATCGATGC
ITSP-4 : TCCTCCGCTTATTGATATGC

Fig. 1. Locations and sequences of primers for the amplification and sequencing. ITS primers were those designed by White ef

al [22).



Table 2. The list of primers used of RAPD analysis
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No. of primer Sequence (5" to 3')

No. of primer Sequence (5" to 3')

OPA-1 CAGGCCCTTC
*OPA-2 TGCCGAGCTG
*OPA-3 AGTCAGCCAG
*OPA-4 AATCGGGCTG
*OPA-5 AGGGGTCTTG

OPA-6 GGTCCCTGAC

OPA-7 GAAACGGGTG
*OPA-8 GTGACGTAGG
*OPA-9 GGGTAACGCC
*OPA-10 GTGATCGCAG
*OPA-11 CAATCGCCGT
OPA-12 TCGGCGATAG
OPA-13 CAGCACCCAC
OPA-14 ACTGTGCTGG
OPA-15 TTCCGAACCC
*OPA-16 AGCCAGCGAA
OPA-17 GACCGCTTGT
OPA-18 AGGTGACCGT
*OPA-19 CAAACGTCGG
*OPA-20 GITGCGATCC

*OPB-1 GTTTCGCTCC
OPB-2 TGATCCCTGG
OPB-3 CATCCCCCTG
OPB-4 GGACTGGAGT
OPB-5 TGCGCCCTTC
OPB-6 TGCTCTGCCC
*OPB-7 GGTGACGCAG
*OPB-8 GTCCACACGG
OPB-9 TGGGGGACTC
*OPB-10 CTGCTGGGAC
OPB-11 GTAGACCCGT
OPB-12 CCTTGACGCA
OPB-13 TTCCCCCGCT
*OPB-14 TCCGCTCTGG
OPB-15 GGAGGGTGIT
OPB-16 TTTGCCCGGT
OPB-17 AGGGAACGAG
OPB-18 CCACAGCAGT
OPB-19 ACCCCCGAAG
OPB-20 GGACCCITAC

*Reaction primer

gk A5 E ugoE AgdEE AAsAT EAEE
UPGMA (unweighted pair-group method, arithmetic aver-
age method) WS A3} 11, phylogenetic analysisol ]
PAUP 4.02b version [21]& A}8-3}4 parsimony analysis&
AP o, FAUH O 2= Heurestic searchS 0] &31%
o} o]o] W2 option® & ACCTRAN, MULPARS % TBRS
o8 a5t Ea Nei [17]9] #47 A2 ASE o WD
Nei-Li®] AZAFE o] &sto] JAe FEE =263t &
29 AgdEd wet red 34 FAES 7122 5o
neighbour joining tree (N])& 2443FHTH20]. 218]2 F719

Table 3. ITS sequence of F. velutipes

34 FALE A4S (similarity coefficient)= Sneath®} Sokal
219 Wl wet etk B 2t FARY AAH ==
jack-knifing [5], bootstrap [6]& ©]-&3le #A5tQt). o] gt
A 1,0008] wbE QAR

2 o

ITS &7 (M
Primer 1TS 1, 2, 3,

4 3}
A 720709 G714

£ o] &3 ITS PrIH g B4
S gl z

4
3ol st i th(Table 3). 29749 #*

NO Base sequence

1 tcattaatga actttgaact gcttgtgact cttggoctgt tgctgacgag gaccttcacg

61 ggttcttegt acgtgcacgt ctggggttoc agctttcttc gtccacctgt gcacactctg
121 taggtctgga taccccattg gaaggetecg ctttttgege teectttgee ttccaggcect
181 atgtcttaca aacactatag tatgtaacga atgtcattga ttattggact tcactgtect
241 ttaaactaaa tacaactttc aacaacggat ctettggete tegeatcgat gaagaacgca
301 gcgaaatgeg ataactaatg tgaattgcag aattcagtga atcatcgagt ctttgaacge
361 accttgegec ctttggtact ccgaagggca tgeetgtttg agtgtcagta acttctcaac
421 cteecteact ttgttgtgag ctggeggatt ggatgtgeoo gettgetgga ccttatettt
481 gggttcaget cccctgaaat gcattagcag aaaccgttac cttttggege gctgeagetg
541 tgataattat ctacggctat ggctggectg actgtgttgt agcgctegtce tegtetctga
601 agtggtttcg ccttagttge tgctteccett tgecttctet ctcacgagag atacctgtga
661 cgcgagtecg cggectattc cgcttctaac cgteeccttg tgggacaaac tattgaccat

This ITS contained partial 16S ribosomal DNA, complete ITS1, 5.8S ribosomal DNA and ITS2, and partial 285 ribosomal DNA.

The length of this ITS sequence was 720 base pairs
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% £Q5908, ol Genebanko] £28 AP4IT EUsH

At

RAPD

297) 9] ol EFES 40702 primerE ©]-8-35}e] RAPD ¥
NS AT ¥

BE FF0 vreEo] YE T 3 Y v
e 53k AEA o] FNH AL AA 407] F 16572
primer % Th(Table 2). L 5 53] polymeric band$] W=7}
ol 14 ddds & Uehd primers2 OPA-243)9,
10,2001 %Atk
PCRo] 9J3}e] Z-F-H bandE-2 400 bpoll A 2,000 bp Alo]
o] Fzbo] BESAI AANS™ primero] wEkA 8~167]9]
bandE°] YWt} 53] primer OPA 3% 20& o] &3
RAPD B4 Z#4E BY &3 F5FZLY JW1~7% CB 1-2,
CW 15914 bandE©°] 500~1,600 bp Atolell fAFsHA LERY
Ak garo] o KB 1~105-2 200~2,000 bpoll A vf-$- thok
314 UebdthFig, 2). 22t} OPA-2, 9, 103} OPB-75S o] &
gt 3% band w7t ZE FE7] thEFA ol vi§- Zth(Fig.
3)‘ E3 RAPD band £ WG 02 oAl 8] 547 vlal
W AR, T, 5 A AW, CW, KW) 152
b o e zf*ﬂv} YEZQI WA 53] gkt opA 9 o|(KB) 1
e} 7} Tkl Ath(Table 1). ©]+= RAPD band 4]l A
, %3 L% WA zo]l 1F band®] ¥E WL F1
g FE Hlon, g opsgol 159 %9 band

oo mu HJ?L

>1> e o 10

jacknife /bootstrap

X 87 B Wi sl EdE AThFig. 2).

16719] random primerZ & 25 24-S 9]¢k 30307 <
scrabble RAPD band &< marker 23} Nei-Li'se] WHS o]
43 HfALE A ES Z2AgE A3 (Table 4)

FU F47 Hole 33~45% 2 Yehdth S 74 v
Hol= CB-1, CB2 $74t OFYFFTEE YE o] Yehd vl
FALEAFE 33% oM, 7HE E& Wol= KB-10%h JW-62
45% STt

Sl Ak oAy 3 o] 9] KB-1~10 FE7F vl A== 17~38.6%
2 UEsTh gkt of g o(KB)E 7E 22 YEAL of
°|(JB), &4t WA o](JW) ] BIFALERA = 27t 23~42%,
30~45%% UEHHOH, F4h ofAHo|(CB)St HAF o]
(CW)E 217} 25~38%, 27~43% A4 G4t oA s o} &

A Asgole F5 et b Tl ke Yr2 23t
Aes & F Uk
Qe BAPolqW)E FH BIFALEAFE 4~20%2 o
S

Ebtar, AEAF A g o](qW)9f T4t WA s o) (CW)E 7+
HFALE A 5 4~20% 2 YEbtt) &3] CW-2~59F JW-7~8
}94 1A 7} 4410% 2 718 E2740) 714 e §A1F

wo| =7} UEbsttt
Band 2] ¥ o]o] 7|23} neighbor-joining tree (NJ) 412
7 5719 clusters ¥ /33t SAtHFig. 4). 2 cluster vttt =7},
A9, FENY FEES E 5 AU cluster [ 9 F5- 69/69
AAEE Yeps o, 53] KB-1, KB-3=

M WU wawsIws 1 E12Cw EREWEW-Ews ) W WE e a2 kaakE 418105 s ja e s ar B3 Ga

zoooop_ |

—nqﬂ-’- F ’--- ]
"n--33==!=!
T rr L

g- u':—

-—-- e e i -
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---H_--.-:

Fig. 2. Electrophoretic patterns of RAPD using pri-
mer OPA-3 and OPA-20. The patterns of
Japan and China strains showed no varia-
tion but patterns of Korean strain were
varied. A: Amplified by OPA-3, B:
Amplified by OPA-20, M: 1 kb ladder
marker.

Fig. 3. Electrophoretic patterns of RAPD using pri-
mer OPA-2, 9, 10 and OPB-7 were very var-
ied depending on strains. A: OPA-2, B:
OPA-9, C: OPA-10, D: OPB-7, M: 1 kb DNA
Ladder.
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Table 4. Genetic dissimilarity matrix calculated by Nei-Li's genetic distance coefficient based on RAPD

JW-1 JW2 JW-3 JW4 JW-5 JW-6 CB1 CB2 CW-1 CW-2 CW3 CW-4 CW5 JW7  JW-8

TW-T

JW-2 00608

JW-3 00442 0.0387

JW-4 00773 0.0829 0.0442

JW-5 01050 01105 0.0829 0.0497

JW-6 01326 01381 0.1105 0.0884 0.0608

CB-1 02707 02541 02597 02376 02210 0.2155

CB-2 02707 02762 02486 0.2265 02099 0.2044 0.0331

CW-1 02541 02707 02652 02320 02265 02320 0.1492 0.1602

CW-2 01768 02044 01768 01436 01160 01326 02486 02265 0.1878

CW-3 01713 01878 01713 01381 01105 01271 02541 02320 02155 0.0387

CW-4 01878 01823 01768 01547 01381 0.1547 02707 02597 02210 0.0773 0.0829

CW-5 01436 01602 01436 01105 0.0939 01105 02486 02265 01989 00442 00387 0.0663

JW-7 01878 02044 01878 01547 0.1381 01326 02597 02376 02210 0.0773 0.0608 0.0994 0.0552

JW-8 01878 01823 0.1657 01436 0.1271 01436 02486 02265 02320 0.0663 0.0608 0.0884 0.0663 0.0773

KB-1 03757 03591 03867 03978 04033 04199 03591 03702 03646 04088 04254 03757 03978 04199 0.4088

KB2 03646 03591 03757 03757 03702 03425 03039 03149 02762 03204 03370 03204 03425 03094 0.3204

KB3 03757 03702 03867 03867 03591 03536 02818 02928 02983 03425 03591 03315 03425 03536 03757

KB4 03536 03591 03536 03425 03370 03536 02486 02707 02652 02983 03039 02983 03094 0.2873 0.3204

JB-1 02652 02818 02762 02541 02597 02431 02376 02597 02652 02320 02597 02320 0.2541 02541 0.2541

KB-5 03646 03591 03646 03536 03481 03757 03260 03260 02873 03646 03923 03425 03757 03646 0.3867

KB-6 03978 04033 04199 04088 04144 04199 03260 03260 02983 03757 04033 03978 03867 04088 0.4088

KW-1 02376 02320 02044 01934 01878 02155 02652 02541 02707 02044 02099 02155 02044 01823 0.2155

KB-7 03039 03315 03149 03039 03094 03039 02652 02652 02928 02818 03094 02928 03039 0.2928 0.3149

KB-8 03812 03646 03923 03702 03757 04144 03536 03646 03260 04033 04199 03923 03923 03923 0.4033

JB2 02652 02707 02541 02541 02376 02320 02818 02597 02210 02210 02265 02320 0.2210 02210 0.2099

KW-2 02099 02376 02210 02099 01823 0.1878 02928 02818 02873 01768 0.1602 01989 0.1768 0.1878 0.1878

KB9 03591 03536 03702 03702 03646 03812 03425 03425 03149 03370 03315 03591 03260 0.3370 0.3370

KB-10 03978 04144 04309 04088 04254 04530 03702 03812 03757 03978 0.4033 03867 03978 0.4088 0.3867
KBl KB2 KB3 KB4 JB1 KB5 KB6 KW-1 KBV KBS JB2 KW-2 KB9 KBI0

TW-1

JW-2

JW-3

TW-4

JW-5

TW-6

CB-1

CB-2

CW-1

CW-2

CW-3

CW-4

CW-5

JW-7

TW-8

KB-1

KB-2 0.2652

KB3 01768 02762

KB4 03425 02762 0.2652

JB-1 03646 02983 03983 0.2320

KB-5 03757 02873 03315 03094 0.2983

KB-6 03757 03536 03094 03315 03425 03204

KW-1 03923 03039 03481 02818 02486 03370 04033

KB7 03702 03591 02486 03039 0248 03260 03260 0.2652

KB-8 03149 03149 03591 03039 03591 03260 03260 03425 0.3867

JB-2 03867 02873 03536 03536 02762 03757 04199 02044 03260 0.3481

KW-2 04309 03425 03646 03425 02541 04309 04530 02044 03039 03923 0.1436
KB-9 03591 03487 03260 03591 03149 03481 03702 03536 03204 03094 03260 03370
KB-10 03204 03315 03315 03204 03425 03757 03094 04144 03260 03481 03536 03435 0.2928
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Fig. 4. The phylogenetic tree based on RAPD result of F
velutipes by neigbor-joining (NJ) method.
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