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Analysis of genetic characteristics and development of substrate for cultivation in brown
strains of Flammulina velutipes

Jae-Sun Choi*, Jae-Goan Noh, Who-Bong Jang, Seong-Yeol Choi, Kyoung-Beom Min and Won-Sik Kong'

Agricultural Environment Division, Chungbuk Agricultural Research and Extension Services, Cheongwon 363—883.
! Applied Microbiology Division, National Institute of Agricultural Science & Technology, RDA, Suwon 441-707.

ABSTRACT : Analyss of genetic characterigtics of Flammulina velutipes showed that strains have a range of 85% in
genetic distribution diagram. According to this result, we divided these strains into five groups. In experiment of
determinating the optimum media and condition in cultivating F. velutipes, we found the optimum temperature and pH
range for hypha growth were 25C and 6.0 to 7.0, respectively. in addition, the best media for growth of that in plate was
MCM (Mushroom Complete Media) which have a growth length from 68 to 83 mm. In vivo test, we observed that fast
growth and good density of hyphae in mixture media of douglas fir sawdust, cotton seed meal and beet pulp (6:2:2 V/V).
Alsowhen wecultivated F. velutipesin thismedia, we harvested high yield of fruiting body.
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No Scientific name Origin Color of mycelia Source
CBFM-001 Flammulina vel utipes Korea Light yellow Tissue Culture
CBFM-002 ” ” Light yellow Tissue Culture (Gyeongsangbuk-do)
CBFM-003 ” ” White F. velutipes No. 2
CBFM-004 ” ” Brown Tissue Culture (Gangwon-do)
CBFM-005 ” ” - Tissue Culture
CBFM-006 ” ” - Tissue Culture(Jeju)
CBFM-007 ” ” Light yellow Tissue Culture(RDA)
CBFM-008 ” ” White Tissue Culture(chungcheongbuk-do)
CBFM-009 ” ” ” Tissue Culture(RDA)
CBFM-010 ” ” ” Tissue Culture(RDA)
CBFM-011 ” ” ” Tissue Culture(RDA)
CBFM-012 ” ” ” Tissue Culture(RDA)
CBFM-013 ” ” ” Tissue Culture(RDA)
CBFM-014 ” ” ” Tissue Culture(RDA)
CBFM-015 ” ” ” Tissue Culture(RDA)

BA A8 9% 2752 CBFM—-003 WA -2} 5

A 2= TN HFE 28Ek] F
16570 #7E AH&-38k8ltt. 3% 5+ Potato Dextrose
Agar (PDA, Difco) WIA|E AF&3to] 25£1TC2 F2x
ol A wjeFet &, 4Ceo| BHashe Alddef] ARE-3SIT
Genomic DNA2] #2]i= PDACIA 7~109%F Ahgt AL
5 HpAbL} wabE o] &3l M| H el A 27
= wj7}x] v} 3k T DNeasy Plant Mini Kit (Qiagen) 2]
Wi el wel Genomic DNAE &4 #-gl315ith 289
DNA+ 1% agarose geloll 50VE 1A17F A7) 53 &
EtBr (Ethidium Bromide) 2 3%-3F 94 & Z/F5=cllA
3023 GAAA U - VatellA g1t =4 e
DNA 100 ngell 10X buffer 5 xf, dNTPs (10 mM) 1 4,
primer (10 uM) 5 g, Tag DNA polymerase (Takara)
0.5 & 374t & B2 HFE S 50 = T
olg A THEo]x E3HE2S thermocycler (Perkin Elmer
GeneAmp PCR system 2400) & AF&-3j 94 Col| A 5&3F
Hx WA $ 94T 13, 35C 142, 727C 2% 202
408 WH53ko] PCRE 383t PCR A3} ol Ab=
10 b= 1.5% agarose geloll 4] 100VE 2A17F 408 &<t
A719% 3 F EtBrollA] 323 A% SHF A 30+
G A U - Valoll A glstqlth. 242He] Primer
(OPAX7, OPAX14, OPAX19 : Operon) & AF&-3lo] 5%
H PCRAFE ] A7]9%5 AFS Gel compar I program
S A}E-3l pearson correlation® 0.2 F-ABA S BA
A (&, 1997).
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of| A TARE S nlwekqlth Bk pH ¥ HAPEA vluE
&5t vk =5 25 & PDA 8i#| ¢ pHE 4.0, 5.0, 6.0,
7.0, 8.00.7 o] E Far wjek 78 ol FAMYAS Bl
sttt =3 Aol T FHAuiA| AR 9lsto]
PDA, MCM (mushroom complete medium), MMM
(mushroom minimal media), YM (yeast extract and
malt extract medium), MEM (mushroom extract
media), WA (Water agar) WA & AFg3le] (3£2), vk
2EE 25T, pHE 6.00.2 HiA| = Al x3ko] ZHzho] e
g el EFste] 77 JEF 7Sl FAMIS vl
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2 jkE A 2% (gt)
Ingredient PDA* MCM MMM YM MEM WA
Potato 200
Malt extract 3 20
Y east extract 2 3
Pepton 2 5 5
Trypton
MgSO: - 7H-0 0.5 0.5 0.5
KH:PO. 0.46 0.46
K2HPO:4 1 1
Dextrose 20 20 20 10
DL -asparagine 2
Thiamine-HCI 120ug
Agar 20 20 20 20 20 20

* PDA : potato dextrose agar,

MMM : mushroom minimum media,

MEM : mushroom extract media,

MCM : mushroom complete medium,

WA : water agar
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YM : yest extract and malt extract medium,
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oA #55 2=EFE 10T, 20T, 25T, 30T
of| Al FAMYES vl st Ao 10CH | Tl = 87+
B wtAFYAo] 18 mm~36 mmE Aol A xz38k3 ot
20CH )T} 25 CoA = FAMEo] Fwsk3i e, 30T
o A= 10 CH B R} FARY o] Eh o} 20T, 25TAH
g B gAYl A x2e Ags KAl o] AXE &
u] 224 YoMl 372 HAAES st H A 5= 25T
i

pHZ 4.0, 5.0, 6.0, 7.0, 8.00. % =}o] & Fa1 ujk 7
o #AM-S vl sk A2 CBFM—002 #F5 Al ¢
Ko #F7) pH 6.0~7.08 $Joll A dAE o] £k

3 2528 AR vl

], CBFM—-003¢5¢} CBFM—008¢F+= pHell W& &
zto] 7} gl

TH Aol dF2] FHAu|A 91&te] PDA,
MCM, MMM, YM, MEM, WAHREA] |- w2 T 5 25
pH+ 6.02.2 viX| & A Zdte] 5 HEF 745l oA
S v AR A3t MCME| A ol A AFE o] 68.4
~83.4 mm= 7P 2911, CBFM—002¢F+ MCMH] A
£ Alelsta AREA o2 FAY o] A z&kqltt. CBFM—
00752 FAFE == WA HiXE A 2] 3t BE ulj %] of| A
AL EZE =2 21 & 5 U ARbE o % HEFo]
© TAPEAA] glucose, peptone A7} 2 §sle | H Al
A= wAEF wet g2 Bo|WAIHe] dARE S

°©
A

AR (T, mm/7days)

L 10 20 25 30
CBFM-001 365 72.7 722 58.3
CBFM-002 239 53.9 49.7 27.9
CBFM-003 242 63.0 748 47.2
CBFM-004 23 55.9 59.0 40.2
CBFM-005 185 60.0 67.0 36.6
CBFM-006 22 54.9 613 380
CBFM-007 29.0 68.1 753 711
CBFM-008 208 62.7 78.1 618

¥ AFE-H] 7] PDA, pH:6.0
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A8 (pH, mm/7days)

iL =
N 40 5.0 6.0 7.0 8.0
CBFM-001 58.0 68.6 70.2 68.7 61.3
CBFM-002 53.6 52.2 49.7 411 41.0
CBFM-003 74.0 75.8 75.3 74.2 73.7
CBFM-004 55.1 57.2 59.0 61.8 54.5
CBFM-005 729 72.7 67.0 64.7 52.9
CBFM-006 55.5 57.6 61.3 56.7 50.7
CBFM-007 63.0 69.4 74.8 76.3 73.2
CBFM-008 74.7 77.4 78.1 76.0 75.1
¥ AFE-HIR] PDA, 25 :25 T

TR AAgo A H A ujA] A

o A5 (mm/7days)

=T PDA MCM MMM YM MEM WA
CBFM-001 70.2 82.5 60.8 56.6 77.8 61.4
CBFM-002 49.7 70.2 432 4.7 56.7 53.1
CBFM-003 75.3 81.8 65.6 69.1 714 55.4
CBFM-004 59.0 68.4 67.1 62.5 66.1 50.9
CBFM-005 67.0 73.4 72.6 73.7 69.4 43.8
CBFM-006 61.3 70.7 575 67.4 62.8 60.4
CBFM-007 74.8 82 68.2 71.8 59.6 58
CBFM-008 78.1 83.4 715 75.8 73.1 63.7
TAFE =1 + 4+ ++ + ++ + 4+ +++ +

¥ Wk 1 25T, pH: 6.0

1.CBFM-007¢] #APE % @ + B, ++ HE, +++ &

MCM uli Al el A 743 o] sttt deiA v
(8} - ©1.1990).
7wt Az wol wlawg e Ee] Az e
Ha el b A o] stk v o] A2 52 850 me E A -
Mg Gk 2ARgE A3 CBFM-003 #Age] #5% f
Ab ZE df B 2ol gl ot CBPM—-007 5= AR
AVE Aol AA ) St T B A0 R ek

6 w7 ws A AL A A v

shk. 22l CBPM-008¢14 9} o] #%2) Ao] wjto]
o] A A Q] Mo Wi zkAl o 2 LbEh} 7o) Ml =}
AA A= Aol gl A e = BRIt Byun 5 (1996)
& oby ZAFFO) A A ATk
o wale] AAANE gtk she ok, B A A
ojale] £ 55 wtglslel thE ATE vhehd 2
oz AlmAL.

5 FEA2 - 2 Az - o Az
CBFM-001 Light yellow Light brown Brown
CBFM-002 Light yellow Brown Brown
CBFM-003 White White White
CBFM-004 Brown Brown Brown
CBFM-007 Light yellow Light brown Light brown
CBFM-008 White Brown Brown
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ZI1A IR Mg

AA=go] CBFM—-0073t59} W 4}=3°] CBFM~-003+5
o WA A EE olEtA EARAE 98 T-N&
Kjeldahl #21 3} P20s, K20, Ca0, MgO2 2 &4 &2
O AR A3 T-N& v|$+H A+ EF S 6:2:2
A2 7F 1.04% =2 714 Wty pHE 5.6 =801,
P202, K20, MgO+= djz=7-91 m]E+487=8:2 A 2] 2| )
Ao 74 wol = o] it

Aol Al WAEIAl FA R wEET FA sl
AA, HEHE @Ad 55 E3ES gt 1F
209 %ol AN At 1% 83} ) wjA &8 Ao u}
& #AME 5= CBFM-003, CBEM—-007#5 5%
&+ HARHH EE T 6:2:2 A oA FARY o)
97.9~98.4 mm=Z U vix| Bt} w2 1 AL =% o9
A e

ZsgolmAl o] A A 5 AkS flste] wiX A= 2;
A o] A g kg AR A7 X9, X 107} )

7,04 olghel 1 54

w4 CBFM—-003, CBFM—007 #F
b A7, ol 27, tide] So] & o]
< Bk 22]a wijA] £ Eof upE
| T S 25~279 % 2 2jo] 7} ¢l
Rom, Zto]dw H|5=3 A YeRQl). =34
F+87A (8:2) AT K} v+ e}
+HEF S (6:2:2) wjA o)A CBFM-003< 156.3 g,
CBFM—-0072 162.8 g© & z}z} =8 ks non) u
ghA] wl o] of ZhAlsfo] B WA ul ol A= w4+ A
HHH|ER T (6:2:2) 7) U2 TR B} 7 942519
th A RS 651 1% % 24 s WA A A3
74 2705 Blast] fJste] 14TCelA] oAl = 4TE
ZAslo] AAA A4S 12 24T H ASLEE 7T
9} 10CE Uro] G250 e =S v wst 2y}
7T+ 10CHY o =2 535 Heloy, Wol7|7t &
et A T 5 BAS 1eskd CBFM-007+
o]l 10C7} Agker A

A A 5 5/dm

&3v)&  T-N P-Os K-0 CaO MgO EC L=
2] & 57 pH
(VIV) (%) @Sm) yeF 22T

v +EA 82 098 071 071 032 042 507 3231 3016 253
v+ A vy 82 058 004 036 071 014 700 1027 2976 375
nlEHEE 2 82 037 004 027 068 020 546 1518 2453 0.0
n]g+H v EdS 721 078 038 052 061 033 564 2506 2895 @ 142
v+ AubeEgE 622 0 104 041 063 061 038 565 2024 2861 213
u]H+A 4 ET 532 08 041 070 053 035 581 2610 2910 209

% T-N: Kjeldahl #41, P.0s, K20, Ca0, MgO : 2] & A #-241 H

B8 A &8 Aol dAPEE v

7 5 5 gﬁﬂf T b ﬁﬁig
sy T =zb

u] % + 2w 8:2 ggim:ggg ot g?:g cej
oo ma 8.2 iy o mc
vl 2 o] £ 7:2:1 Sivos c mse
) 4o+ 2 ] E 3 5T 6:2:2 CBrM.007 s o79n
) E+H Al v H EE T 5:3:2 ggim:ggg +++++ ggig

¥ Column Test : 30 ¢ x200mmAHE Bl % :25+1C wiA| 4

L e [
2. DMRT 5%

T8 :6511%
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E 9 WAl A A 54 vl
P L& 7 = AEpE] 1273 o]
o (VIV) a (mm) (mm) (mm)
CBFM-003 145 2.8 109.5
w] g + 27 8:2
CBFM-007 15.1 2.8 110.4
CBEM-003 14.6 3.0 110.2
u] g + v} 8:2
CBFM-007 145 31 110.6
CBFM-003 14.8 2.8 109.5
ulE& +H|EF T 82
CBFM-007 14.6 29 108.4
CBFM-003 14.8 3.2 1075
| E+H A un| EE S 7:2:1
CBEM-007 145 3.3 110.4
CBFM-003 14.7 34 1105
v A vk E g 6:2:2
CBFM-007 15.3 34 112.9
CBEM-003 145 3.1 110.6
u) 4+ A vk E 5 s 5:3:2
CBFM-007 14.9 33 112.2
¥ WX g 651 1%
X 10. H A A w2 E A5 v
e Cigclh-y 7 = TG T 2ol WKL FEAST T
e (VIV) T GO S G I C) ) (@)
CBFM-003 26 1 6 125.4 129.5d1
n) 4 + 27 8:2
CBFM-007 26 1 6 132.2 137.6¢
CBFM-003 25 10 7 114.3 1152 e
v g4+ Al a) 8:2
CBFM-007 25 10 7 125.6 131.5d
CBFM-003 26 1 7 1325 136.5¢C
n) 440 E g T 8:2
CBFM-007 26 1 7 134.2 138.6¢C
CBFM-003 27 1 6 140.2 1486 b
ul+H e EE 7:2.1
CBFM-007 27 1 6 145.1 150.2 b
CBFM-003 26 1 6 150.3 156.3a
n|E+H e EE 6:2:2
CBFM-007 26 1 6 156.4 162.8a
CBFM-003 27 1 6 140.1 147.3b
u) 44 A uhn) E g 5:3:2
CBEM-007 27 1 6 138.9 148.7b
¥ 1DMRT 5% HjA| -85 : 651 1%
E 1L A AF LT o 2 34 vl
I 2 ()
IR = H =
H ] o 1T (V/V) iL T 10 7
CBFM-003 1125b 1295 al
vl + &7 8:2
CBFM-007 135.2a 137.6a
CBFM-003 1489b 156.3a
v E+H A e+ EF T 6:2:2
CBFM-007 161.5a 162.8a

# WA O 65 1%, ol
1 DMRT 5%

14T, 9AA 14T
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UHHH|EE Y (6:2:2)7)F 7 Bk, POz, K20, MgO+
n|E+27 (8:2) v A oA 7H o] gH-E]o] STt Y
A4 Ao & FAMAE JE=+ CBFM-003,
CBFM—-007#F R v|E+dAn+nEL T (6:2:2)
HiA oA AR o] W= AP ETF = tvh =8
A = A Al AFAA L] S A, O A, o dol=
CBFM—003, CBFM—-007 5% BE Hix]oA] H]5=3t
S BTk A AQuol A vix] ]S - o
FF A E AEA O] S-S vE+EA (8:2) Bk v
+H AR +H EE I (6:2:2) W) A o] 4] CBFM—-003<
63 , CBFM—-007< 162.8 g0 & 7} & F3S
Aok A ol A Aol uhE S5 7oA 2kt
FS Bolon, wol7|7t Fet oA T 5 4
12 3hd CBFM—-007 o] &%= 10C7F A gst
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