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Breeding on a new cultivar of golden Flammulina velutipes

‘Auram’

Ji-Hoon Im*, Kab-Yeul Jang, Youn-Lee Oh, Minji Oh, Jegadeesh Raman, and Won-Sik Kong

Mushroom Research Division, National Institute of Horticultural & Herbal Science, RDA, Chungbuk Eumseong 27709, Korea

ABSTRACT: Flammulina velutipes, known as winter mushroom or Enokitake, is an important edible mushroom in Korea. In 2017,
approximately 28,000 tons of this mushroom were produced in Korea, putting its output at the third place, behind the oyster and
king oyster mushrooms. Despite its high production, F. velutipes has the lowest distribution rate of domestic cultivars, estimated to
be about 28 percent. To increase the income of farms and provide more options to consumers, we developed a new golden
domestic cultivar Auram’. ‘Auram’ was bred by mating two monokaryotic strains isolated from ASI 4103 and ASI 4111. Auram
has bright golden, hemispheric shaped caps, and light brown stipes, making it strikingly different from the control. The optimum
mycelial growth temperature was 25°C, but Auram mostly displayed higher mycelial growth than the control in a wide range of
temperatures. The vyield of Auram (257.4 = 13.5 g) was high, and the period of fruit body growth was also a couple of days
ahead in bottle cultivation, compared with the control. Auram received a more favorable evaluation from farms and distributors
than the control for its appearance, because the fruit body of Auram had an attractive golden color, and the spotted cap often

seen in the control was not observed.
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3y o) (Flammulina velutipes)y= FF8HE 02 HAlAT
(Basidiomycota), A7} (Agaricomycetes), FEHAE
(Agaricales), ¥ F-WMA 2 (Physalacriaceae), *§ 1M A4
(Flammulina)?l) 384 =M =725 AL &
AT AIARROA s A2 QFETE 2 HAlo]7] o)
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2ol “A-Em Al (winter mushroom)’©|2}3L F-Et}, oo
Al AR = ole] = Zto] A tivt Zrom WA
Aol Agt kM RE Zgk A7) theFaith. 2y
Yol A Zro] Zar w7t 71 Fefe] WA sPo] FF-S N
gk o] % 2 MAl| HFEo] solrt Eel wAo|gtar
g A2 wa so] Aifo] FAHTE Hu] ol
A2FeFe] 2017 3 &l B9k 28,535 E(5-&2EAL
, 2017)°] ArteE]o] e, =B T8 B,
TZo] A WA FEH] 40%E AT F==
AR Eo|H JgTH R Ao AfHol T3
o WH] o g X 56| 3L tho]o]
(Yeh et al., 2014).
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S7HA AREE O] gk A sJo] EFF W] fAdAY
)¢~ 7H4th(Kitamoto et al., 1993). o2t o]-F&2 7|&
3 2pAslE 542 A Ho s s dHAIZE
E3], FAXEANEFZR T FY(UPOV)7IY wet 5
Afrel] gk =4 £Ae] 7FsAd o] EolbsiTth

U o|A= 9 o] FF FEXTHAA =l F
Z o] SAEFFC WA (2001)S AFo g R
29 $A% IFEF W= (Kong ef al, 2008), L4
Aoz {43 “wol (Kong ef al., 2010), “¥Z(Kim
et al., 2015), 'To|7} FAstar FE/do] HFA QL s
(Woo et al., 2017), o= wjFo] 7F53k alo]*(Im
et al., 2018) 5 F<=d] NEH I Ut ZATgol= =
A et= oPIMAl #5 o]&ste] fe AMET A
H*(Kong et al., 2006)°] NS Azt 2 FEFH7 =
oA a2 ZAAFER] 515 (Kim ef al, 2014), ¢
=3 (Kim et al, 2015a), 277} & ‘3 (Kim ef al,
2015b) & el ZAAIE ] F5S S35

T WAy o] mAle] Aatare] 20161 tiH] <F 25%
7V ghanste] solwAl Ao At f5E A o =
AEE BFE I oF 28%% A HA| o} FrIEY] =

IE| Fgo] F Aol B 7| FRstel] mE et
= Aol R AL Aoske sole] Al 5474 57t
=

e F7hshe Wl FEke = Sl gict. ot
B B AFME AR AFEE WA ol gl 4
ARl N2E 259 FEon LEot B B
= Hgae anAe) 758 0T F de AR
4 AL SAESS NISIA e olo]
24 447} AR5 H AT WEAE wRsle] ok
olehs EFES F43I ik

M= H &8

nE 2E Y FAHY SY
ol AFF ol FALZ S8l AH8E d s v
S BTN Bfeta Sle S e Ee AET
1 ASI 41032 HeJdolA 7 750 ASI 41110]7
HExT2e Fgde] 78 it o AMES A=)
831t ASI 41032 gAY Alg o2 AR
o] ¢l o7k Fdd A4S Holi, ASI 41112
ot Algo® Ztrcko] ko g2 Wy FHo| ettt
H

A

N

il
o
N

il

o

SHH8)A] (PDA, Potato Dextrose Agar)°|th. & 455 7+
APl A] o] HFeted 25°C F27]elA v st +F
ARl At =5 glstaat vjdet +55 PDA
iAol HEsl] 10, 15, 20, 25, 30°CE ZHE 3127]0)
A 797 wigstel 42 A S ZAFSHITH(Table 2).
S APl AgHek wiAE &<lstaa PDA, MEA
(Malt Extract Agar), MCM(Mushroom Complete Media),

A4

MMM (Mushroom Minimal Media), YM(Yeast Malt
Agar) WiA1 & ZA|SH & o] & APHF(121°C, 208)3td
w Aol BEele] Wad 5 wgE 238 7 ux
of WEHe] W TR FES L AAG
(Table 3).

oAl 77k v ST FHA o= Wolst ¥AHE
ojjo] =22 rpedufA]of £71
ThA] 25°C 271014 7~10Y 7+ vl <gsloict. v
A2l A2 AZAA] (clamp connection) -5 NIKON
E800 #m|7dor #AZste] AAAAAT Qe GIAT
TS Adbste] wgol] ARg-sHitT.

oY ¥ nEAHES AH SH AN
ARSI A o] ASI 41039] T2} ASI 41119
GNAFE 122 cm 7HH 02 gxujSale] 27337 JE
2] £ Ajuiste] A 55 NIKON E800 v
o2 AHAZAA B AFE BEst AHAZGA Tt
F9E As wgATeE Adete] 54 HA ol ARE-st
ATk wGAF] LA 54 AH S A A 22
H 35 w7} 35, 4718 10, MIEEZ 13, H3H] 3(%, vA)
et MR FES 65%% AT FH 1,100
ml PEPH] 943 5 121°ColA 9087 7HE 313
A5 WA= WA 2407 A W7t
T FHRA YellA Rpgd Ao Ak 232
AHIE oF 1x2 em AERE ZE HFsch. i
21°C, FE 65%2] olA 3047k vig & =7
AR ASAHRE o]Fste] AUE 14°C, 7
95% ollA] WolE =3It Wo] Fole Al
T2 234 UFFo] 4°C B Yol Fd3 o)
a S JAXALH, FHFEE 85~90% T2
AXNAL HEOZ | ecmA = AHA|7F WAy o] B A%
& 93, 2% 7°C, BUlFE 75~80% 7oA KA

=

2 A8AA 7Y F S8
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=
AA FEA 542 AEF AR A A SAEA

27l 97 2Rkt

SEN CHEN 2o
TAAES) H48 DY 2HE 98 FYLA 5
she) Aol HEF ‘ol )", o] BT, o
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- 4103-1
ASI 4111 " ; ‘\ o ASI 4103
: 4111- - i
(Coﬁlectlon » (Co!lectton
strain from 4111-3 4103-3 strain from
Philippine) poney g:g Py Korea)
4111-5 4103-5
P ﬂ it s

Mating monokaryotic strains isolated from each parents,
Selection of 36 mated strains(2015)

@

Three times of characteristic investigation(2015~2017)

A

Final selection of ‘Fv-15-a-31’
based on production performance test in farms(2017~2018)

Fig. 1. The pedigree of a new cultivar ‘Auram’ in E velutipes.

S5, W5, Q7 vl 688 HEZYS W 7
AR o] A2 AL S-S 243 5%5 mm dAPEHS 7}
glol HEste] 10~15Y F= wiksldn). d=zAdE

2015358 3ol AA agte] 33 Aujd s S8l A
AA E4E AASRAL o8 T P 8 AlE Fv-
15-a-31"5 HF AEeiaict. o] Al oA 2 A4

Bl -70°COllA 48717 BAZE AR & #AHAIE F
Zol FA. dARE ATES 1.5ml tubeol &7]aL
Magextractor-Plant Genome kit(Toyobo)E ©]-8-3l] DNA
£ FZ513th. DNA T 242 918 AH&-E RAPD
vl = UPF primer kit(JK Biotech.Ltd.)E AF&-3l310.H
Genet Bio2] Prime Taq Premix(2x)°] genomic DNA
(30 ng/pl) 1 ul, primer (20 pmole/ul) 1 ul, 5 8 ulE
7kttt PCRSZ2 GeneAmp PCR Systems9700
(Applied Biosciences)S ©]-83to 94°CellA] 47+ DNA
£ HAAR F 94°CollM 18 7+ DNA®] AFE &l &
d Jigew FEAR F, 55°ColA 1% 7 DNAC]
primer7} AgatH, 72°CollA 23 7+ DNAE §4A17]1=
H8E F 35 cycles AR O FHF DNAFAS
72°CollA] 5Eo = St SE % PCR AHE2S QIAxcel
Advanced System(Qiagen)2 ©]-&3lo] A7]9FS S5
MEdE-S A AT

zn 2 1%

LES ofere ML

FHYD A 52 5H WAl oA BESIAL A= =+ ASI
41037 ASI 41119] ZtO 2 HE] IS ol Txxs &
SIATH F o HATE ZH7F 2084 4] o5 W
S sl dvHo = 72 AZAA (clamp connection) 373
ARE Faste] AuiAg & 23S 368 AdstsiTt.

2 AAS 56l 20189 FEAE FE-SA AEF A A9
3o BN 201938 EFFH ‘olgbo® YT
(Fig. 1).

LSS =nS

ok FFo] MAA A 2= 14°C, AAA S
2rE 6-8°CE HR2EFEFTH T3, 7t Az g5
o|a e AghdAloln, ZIReke Qto g t Wil vt
Ho g YREZH JHF R Jo]S HITK(Table 1).

AN S4

ol 59 A 548 A5 S8l vl =
oF iR FF e A AEE ARSI ofEh
I Z2FES PDAWIA ] HESt 10~30°C WA
5°CHA o2 747 v st A3 (Table 2, Fig. 2), & &5
RE HAH A 5= 25°CeH 20°CoAME F
S| FAM Al 2 2ol 7t gllew o] & A9 th
2o = i ofEe] FAE o] st
TAMIEE S1gh HAuA] S {8 4714 wix]e]
Foto] 25°CollA] 7Y wigste] AR AEE 2AL
St A3} (Table 3, Fig. 3), 7+ o5 5 MCMHE|A| oA 7}
2 Agkon, MMMEIAE A 9]¢t U= vix]e A=
N2FZE] wigeE o] ti5atAY ekttt

o

XA 2 2 ey sS4
o] colgh o] APAA| S WH(1,100 ml) 237.749.54 ¢
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Table 1. Inherent characteristics of a new strain ‘Auram’

. Primordia formation  Fruit body growth . Color of the lower .
Strain o o Shape of pileus . Color of pileus
temp.("C) temp.("C) part of stipe
Auram 14 6~8 strongly convex medium brown gold
Garlmoe 14 6~8 weakly convex dark brown Brown
Table 2. Mycelial growth of ‘Auram’ at the different temperature
Mycelial growth(mm, 7days, PDA media)
Strain
10°C 15°C 20 °C 25°C 30 °C
Auram 25.0+0.00 49.7+1.15 59.7+1.53 82.0+1.00 32.7+3.21
Garlmoe 22.0£1.15 37.3£3.79 60.7+1.53 64.0£14.53 17.0+6.00

Fig. 2. Mycelial growth of ‘Auram’ at different temperature.

Table 3. Mycelial colony growth of ‘Auramy’ on the different media

Mycelial growth(mm/ 7 days, 25°C)

Strain
PDA MEA MCM MMM Y™
Auram 69.0+5.00 73.317.64 82.0+3.61 79.0+5.29 71.0£1.73
Garlmoe 75.0+£1.73 82.0+3.00 82.742.52 72.7+3.79 77.3%£1.53

‘Auram’ ‘Garlmoe’

Fig. 3. Mycelial growth of E velutipes at different media.
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Table 4. Culture period and fruiting body yield of Auram’

Strain Culture period(days) Fresh weight
Mycelial growth Primodia formation Fruitbody growth (g/1,100ml)
Auram 25 10+1 10£1 237.7+9.54
Garlmoe 25 12+1 12+1 192.2+21.8

Table 5. Morphological characteristics of fruiting body in ‘Auran’

Pileus Stipe Colar of Pileus Colar of stipe
. Number of valid
Strain fruiting body Diameter Thickness Length Diameter L . b L . b
(mm) (mm) (mm) (mm)
Auram 258+58.08 10.9+0.52 7.4+0.38 128.2+8.95 3.8+0.24 56 14 28 57 1 10
Garlmoe 210£28.67 10.5+0.42 7.1£0.4 101.8+13.1 3.5%0.5 43 11 18 47 7 18

CHXIHHSY ¥ /HA Ciey 23

PDA HafjA| oA o, 24w, AE53F159] #AFE O
A FAS o o] 7ol FElg S A sHATH(Fig.
5). 42 gdA 72A4S 98l RAPDVA (UPF primer)
£ o] gsle] o] ofgh S xS AMES 47, U
ol WAl = 298 Yo R PCRS 33kt = 2
3}, UPF 3904 o}gto] tEFFEF} U E0]%Ql W=
7F B¥ew, UPF 5 primersdXe ZAHFE oA
o2 W= s Btk tXugs DNATEA A4
AAE EQE, ofgho] 40 R & Asde I]lst
AthFig. 5).

Fig. 4. Morphology of fruiting body of ‘Auram’(upper) and XA O

‘Garlmoé€ (lower). o

o8 YxFFET Tl itk (Table 4). &5 H Wolo] NEFS W] flste] B ASI 41033
o JF F A M1 fAFsIAo Y, HAEAE 4111eRR Y xS St SEGFE dAL o]
obgte] 294 xR Wl A AR W73l we FeiM AHAZAA ) Sl g F 36 A
aoket. Eg cofgh o) AHA FHA Sl e et TS LR 330 AA AuiAd At
Sl vl 7k =5 o Aen], Ao tizdl vls| o] el AFFTI0E Zto] 9A e FE 5
ofgte] Y& ol el & ApolE HUAL, Zbell vbdol  @HAlE ‘Fvisall's HFAEsIew, AHAA MY

= =4
2 Fa) 201840) BAE T84 FE Ao)9S B

E4 E5 E6 E7 Al G2 G3 G4 G5 GE G7

3 4

w
(=3
[y
L]
w
g
wl
o

UPF 3 UPF 5

Fig. 5. Somatic test(left) and PCR amplicon profiles(right) from genomic DNA of E velutipes generated by using UPF primer.
M; 100bp DNA ladder, 1; Auram, 2; Garlmoe, 3; Yeoreumhyanglho, 4; Yeoreumhyang2ho, 5; Baekseung, 6; Okinomegumi.
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