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ABSTRACT: This study was carried out to breed new variety of Pleurotus nebrodensis. We have collected and tested
characteristics of genetic resources from domestic and abroad since 2015. The varieties of P nebrodensis from China are grown
by farmers, but those have been unstable fruiting and are weak against bacterial diseases. To solve this problem, we bred the
unique domestic variety ‘Uram’ of R nebrodensis and the results of the characteristic test for the new ‘Uram’ are as follows. The
proper temperature for the mycelial growth was 26~29°C and fruit body growth temperature was 15~18°C. It was similar to the
control variety KME65035 of P nebrodensis in the pileus form of a flat and white color. The number of days required for initial
fruting was 5 days for bottle cultivation and 6 days for bag cultivation which was 2-4 days shorter than that of the control variety.
The pileus diameter was 32.6-37.0 mm which was smaller but the fruit body length was 130.4 mm, which was longer than those
of the control variety. The effective number of fruit bodies was 1.8 in bottle cultivation and 2.9 in bag cultivation, which was
more than those of the control variety. The yield rate was 93.3-100%, which was more stable than those of the control variety. In
bottle cultivation and bag cultivation, the yield was 173.1 g/bottle (1100 cc) and 283.4 g/bag (1.2 kg), respectively, which was 25-
44% higher than those of the control variety 138.0 g/bottle (1100 cc) and 197.4 g bag (1.2 kg). When incubating the parent and
control varieties of ‘Uram’, the replacement line was clear and as a result of mycelial DNA RAPD-PCR reaction, the band pattern
was different from that of the parent and control varieties, confirming the hybrid species.

KEYWORDS: Pleurotus nebrodensis, Uram, Monokaryon. Productivity test. Farm test

J. Mushrooms 2021 June, 19(2):88-95

http://dx.doi.org/10.14480/JM.2021.19.2.88

Print ISSN 1738-0294, Online ISSN 2288-8853 A.I =2
© The Korean Society of Mushroom Science —

Tai-Moon Ha(Team reader), Gu-Hyun Jung(Director), Jeoung-Suk

Kim(Reseaercher), Jong-In Choi(Reseaercher), Jeong-Han WM A (Pleurotus nebrodensisye B35 IARE Sol|4]
Kim(Rescaerche, Yong Seon Lee(Team reade) Wngyeouns  goj 2 guisoz opgFe AU A440] 10em o]
*Corresponding author o2 AA UigHA o2 dEA Q). ERIHoZ
;T":alég?;""_%%%g?;r A (Basidiomycotina), 4o} (Hymenomyceidae),
Received March 17, 2021 FEWAE (Agaricales), =E}2] 3} (Pleurotaceae), =E}2]<:
Revised  May 5, 2021 (Pleurotus)°l| &shz MARSF0 2 HFiH, Holxe]7t
Accepted June 16, 2021 5o 2313 (Lewinsohn et al, 2002), joll= AP35}
This is an Open-Access article distributed under the terms of the A %—%E}(Iilong et al., 2004). B 7R AA 7_4}11}
oo o2, e pams st | 2] B EE AEAN T FA0) e
non-commercial use, distribution, and reproduction in any medium, AQ—G]*E ;‘('-'—]Z:]'—o] HH_?‘ E,E]O}Q—_T/_ E—'%‘l— 63:0] 9‘)‘01 Al /'\J'
provided the original work is properly cited. AANZ Bgo] 71sslt). Jolze FolEnEE W=

88



(White ferula mushroom), &=°|A4]+= Bai-Ling-Gu (F1
ﬁﬁ)ﬂ.'}_ sth:].' HHE:]H—]A-LQ‘ Z;—oﬂ,\{ Eul— E_% o]_ag]_oq
BAAE o2 HRH AFHOZ Au= I 3o
L, SEvEtelA = H2o AEE g A3AE A+
7F A1 &= A

X (2017)2 S QollA FHE WE A o
slo] ITS 992 DNA 97] LS o] g3l FAadAE
AL QJIFANE f15F vix| 2/ 2 Auf g ol t st
ZAFSFATE. TS A E Qg uiR o] AP EAY
I gl mXe G tist B 5, 2018)7F 2
3, 2 5(2019)2 offl=ElZ| <} ”“Eé“ﬂ%ig 57ty
ate] A FES S vk Aok Al FF
ek 3R ofue}, o], 7154 el et A4
T BIEQ NEHA AdA FEE0] Bd 7
& 5ol o ey a3rt ol Bl (Cha ef al,
2012, Shim et al., 2012)=]o] Q)aL, 2kspd=], 2k& 2¢

g3t 5 71578 sPEE A=A &3 (Dangre ef

al., 2012)= X379 v} gtk

oo} o] MiFWMALL] AEF S A7l Tl &
3t A= Eetal U] AR Alb) s7k=
nlg- Ae Aot WEWAl A7t FAkER] Xl
o= FlolA SAE FE2 Auiyel SHEA k%
i, ZHHH%ﬂOH gt FRE FE37] wFolt}. o]= <l
& WEWA Aulsrte T =YEES Avisia e
b, EYPFT A el mep AR 7 B =R A
L walfell okt ZA7F Sl A7ke] Hojuar o] o}
TMASEESE Fs wEWAL] A Fdisl] ¢
A= AREA] A o] P A o) Wfjol] et FES &
g3t ARl Aul7ES FYshe A7 AlFE] &
T Qe R oyl e, F-ERI(ME0]) 5
QAR F O] Auju|Fo] 73% oo s HFH o] glo],
CheFet WAl F&o] By} ghto] Qg Aot

At AAEA B o] Ao Waljel] 7t wiE
WAl *1:22 el FHEATE. 201595 F Qo)A
FA ? A3tar 5*47“3 = ), 59, A

B Aol AR g JdUga oAl T3
2 |'sE SolA A,

Ay 54 37 & A" FRHAE KME65027,
KME650312] AHAAZHE RS ol HE-8]4sla
oA A Gl gFE ATk dEA s SRS o
&doz slastel YuufAle] F 1 x 107)/mLE =¥}
3L 25°CoA 7Y o) wiSE - ZH7te] #E S dnE e

WP AES oo 34 2 54 89

2 ##31] clamp connection $iE TIHATFE MEZE

PDA(potato dextrose agar)il A2 &7 Thy Al A&

stk wl= F ) 9 455 22 %3 PDA viA)

o] 20~25 mm A= E]-?J HES 3 e, 25°CAlA °F 10

A7k wiFstdt. i - F #F0 #APE viERl= A

7(—101]}\1 TAFE HojUlo] dr|FSE clampe] &4 5
£ IS v SARE TS Azt

N =

JLHH A%, ANEA4 AT, iﬂé_% A% 5 A% &
d Ao AQEE THARE ] WA FAHA
PDA HIX| & Azste] ZHz}o] & 2 HEsle] 79 o]
HiF § v FUEEY 80%S} P17 20%E FHHIER &
4

helal SRS 65%F }_7‘3?} T 121°CollA 60E7H
abtste] WHE FyhulA] }W Marela=e 355

t}. o] % 15Y oA ik F
FRplA 7 % 7] 1,100cc PP H

2 R Axd
121°C°ﬂ/\1 907+ 4+
HES HEs)

HiX| =4 2 HX[R|=

As 5844, B AR, 57 ASol AR miAx
g2 WA, A A B A7 EE g7 dollA et
iR 2 S8kt 1E LEuk 78% + A 8%
+ PR 2% + SR 2% S Alﬂ%i g
FRIES 65%E 243t 1,100cc PP 237, 121°C

ANA 90EZF Abet, Wbk & HiA| = o] 853t

g3l Az L FEY WAL FLE

22i1 Ci A= wjokao)A 90U 7k vk & =}alx) 2+
Ol%EE sl 27 FUS AAEIT) ol F AsAE
27 L% 16+1°C, FE 90+5%, CO, 5% 1,000+£100 ppm

AL B A Lo|EA, AAAEA /g SEXN =5
221819

EMAA

WL re THHE ol FHEH Tl Hég}%"?‘”}zl =
=is *]XJW}X]J dF=E, 5‘%}‘3]%0]%}/\*‘
1578 A717F F8E A7 28 dTE
= Y7184 olFHH I AR 9 d:&%l
913’_, Adres Sdr, =

ek 7170 82 VeI EELO]%?_

BA ol tiste] Y717F P =] wolH W &=
%XVF‘% ul :‘%o F71eRT}. e, AHEA Aol
AA, o AH 5 AEA EARARE WA 544
B F3 }%E}(%%%XH_ 2020). AA
Spectrophotometer (CM-3600d, Konika minota)E ©]-&3}

O

Fo SN oF Mt £ )
rlr r

O

=
Aee



90 3alEE - A7
o] 24319 om, Eg144L Sun rheo meter (COMPAC-
100, Sun scientific co.)& AM-3te] o] FAFE 435}

3tk

A7N=ER7ed A EA A
A =23 dF2AS (KME65035)S ®AH] (1,100cc)2k
BAAE (1.2 kg) F7HA A2 o= Aujd, A
54, 799 5 va Jrheiith. s7HES A=
o} 2Al, BANE (1,100cc) F7HeF EAIA (2.5 kg) 7}
AN AujE B4, T 52 Hrs

Genomic DNAZZ| & Mk

PDA wjA|ell X Ad7gdet Mg HAl #58 FAHAIE 7
st A7 9 uRdste] Edslet & 100 peB s
1.5ml9] test tubedl] 7132 &8 95N (200 mM Tris-
HCL, pH 8.0; 200 mM NaCl; 25 mM EDTA; 0.5%SDS)
400 19} 1 ule] Proteinase K(20 mg/ml)E H7lsle] 2
o] FJt}. o] EgHo) 2 X CTAB bufferS 400 ul H7}+
3k 65°ColA] 3057+ W] SIaL chloroform : isoamylalcohol
(4:1)% ¥ AA3] 3 T 12,000 rpmollA] A4l
SISt S NS A2 tubedl] 7132 0.7902] isopropanol
< Hrrskar Aol 1087 B3] F 12,000 rpmollA] 10
7 dAEEEY DNAE AAsaL 70%2] oleE=
DNA HHE& AlFste] 21¥ 71%38 $ 1 xTE buffer
(10mM Tris-HCL PH 8.0, 1 mM EDTA) 50 w/ol] =it}
H2]%¥ DNA AlE9] RNAE AASH] 2151 10 mM/ml
RNase 2 W& 2o 37°ColA 30 &3t &3¢ &9
o g% RNAE Al A3t

UFP-PCRO| 2[5t RTH Cltd &4

WEWA #79] PCR thA A4S flste] (F)Al0]
Aloluto] QB Al Al FE  Universal Fungal PCR
fingerprinting Kit W< 12F7/2] primerE AM&-3I3 .
PCRYMS- €92 10mM Tris-HCI (pH 8.0), 50 mM
KCl, 1.5mM MgCl,, 0.01% gelatin, 100 ng prime,
50 ng template DNA, 200 um dNTP(dCTP, dTTP, dATP,
dGTP), & 2.5 unit Tag polymerase (Promega)S ¥ #
A wkg-gone 507l HA sl PCR7I7IE o]&-&te]
AHA DNAHA S $13te] 94°CollA] 5E7F, 71 F cycle
of A DNAYHAJ-S 94°CollA] 134, annealingS 55°CoA] 1
£ 2 DNAFAS 72°ColA] 2822 3 35 cycled AA]
aom, 3 DNATAS 7702 3i8ith. T%% PCR
AHEE 1.5% 2] agarose gelollX Z1719% gk 5 ethidium
bromide- &0l FA3te] UV lamp ool PCR thEA
MEs wzhslal A& st g sksih

AA% - AEA AR - ol8A - 38A

Table 1. Mycelial growth of new variety at different temperature

Mycelial growth (mm/8days)
20°C 23°C 26°C  29°C  32°C
Uram 409 598 630 674 6.5
KME65035(control) 34.6 48.8 61.3 58.1 4.9

Variety

Table 2. Proper temperature according to growth steps

Temperature for Temperature  Temperature for
Variety mycelium in  for pin-head- fruit body
cubation(°C) ing(°C) growth(°C)
Uram 26~29 15~18 15~18
KME65035 26~29 15~18 15~18
(control)
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Table 3. Shape and color of pileus of fruit body

Pileus
Color
Variety J
Shape Hunter value
Visual
a b
Uram  Flat(like round~spatula) White 894 -03 11.0
KME65035

Flat(like round~triangle) White 88.6 -0.1 11.4
(control)

: Spectrophotometer(CM-3600d, Konika minolta) : L-lightness, a-
red(+)/green(-), b-yellow(+)/blue(-)



Table 4. Characteristics of fruit body

. Diameter of Thickness of Diameter of  Length of stipe  Length of fruit ~ Number of effective
Variety . . . .
pileus (mm) pileus (mm) stipe (mm) (mm) body (mm) fruit body (No./bottle)
Uram 83.2 30.5 30.5 60.4 104.9 3.1
KME65035(control) 96.6 32.7 42.1 61.2 106.0 1.5

% Culture type : bottle culture(1,100 ml/¢75mm)

% Substrate : poplar sawdust(75%)+cotton seed waste(12.5%)+rough corn powdder(12.5%)]+shells powder 0.2%
¥ Growth condition : Temperature 16+1°C, CO, concentration below 1,000 ppm, relative humidity 90%

HE 88.6, A% 0.1, FAT 1142 WA
T F59 2 Zol= gl TH(Table 3).
AAA 7t AR 7F FA= ZH2) 83.2 mm, 30.5 mmE
WZEE 96.6 mm, 32.7 mmXET} 2t 27 o] A3 7k F7
= SRStk of #7719 of dole 27 30.5mm, 60.4 mmE
ZEF 42,0 mm, 61.2mm 2o} eF Ftch, vbd ¥
fFaATE JUIE UEREE 1LIIET 167) E2dth
(Table 4). AHHA] FENH 5448 Qokst, SAES ‘¢
< EEFF o] SANAZE Bol 2857 BokoH,
FH o= gt to] A7|oA] 2h B0l Ut
AHEA =873 Table 59 Zth. AFEA| Z%= (strength),
73 % (hardness), 4134 (brittleness) 52 ¢33} )25
o] o]z} &A1}, BHA (springness), -3-%4d (cohesiveness)
oA tha Zfol7b ATh SBE SRS HIE AE
o] glo] AA" £ ] = FAslHle HEE ©

"ol
7P7HH,

Z3EF (KME65035)S thx|ulefst A3+ Fig. 1, Fig. 29+
2tk = BE 7 gix|Ao] e A=A, 5
2 Y2EF 7ol = thx]Ao] et

Fig. 3& WA NEF ¢33 2 22 4 dx22
Al Eol thek #AR %4 DNA®Y thgk PCR i
TE A doolt}. v d o BE REO| TaA)
2%E ZF DNA W=7 o8] F/C] UFP primerd =
Eol o=z Uehdth. o] xS oy FFHe

i ©]8-3F PCR WME e} tjefidol] H|Fo] &

S

o, A T 9w e RE 9 fxIEE fHFoR
THEE 2 F5YS F0T F AU

MAE Z4H
WAl A < feho] ASTAE AujLdS= Table 63

Atk SR Y Y F FAS 84, Fwko]20

oeh, SR B2 AEel 98 adES fAsEe 7 59, ASds oLz A Al 98 oL, tiE
AEE Uit} o] HERFFTET B2 Aokl FF2 TR ZEeolhadaTt 79 29e] Ao
SRS WU AA AL = 1008 ©lAt.
HFAE Sl ANFE o] ALA 543+
539 7124 S W71 A= Table 79F At} Zke] =LA
$4FT THWNBI70122y3 tlx=FF] WA Al 8872 UlEFF 79.1RTE Eob uisith. WiAHAe
APAA A, -2, RE(KME65027, KME35031), T 32.6 mmE EREZE 443 mmEct ZTh AAAAS
Table 5. Physicality of fruit body
Variety Strengt!l Hardnezss Springness Cohesiveness Gumminess Brittleness
(kg/cm”) (kg/cm®) (%) (%) (kgf) (kgf)
Uram 2.42 3.69 73.7 43.8 1.90 1.40
KME65035(control) 2.38 3.66 69.5 494 2.06 1.44

NB 10122

Uram

KME65035(Control)
Fig. 1. Difference of fruit body shape between Uram and control variety(KME65035).

KME65035(Control)

Uram
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Table 6. Required days according to growth steps in bottle
culture productivity test

Days for myce-  Days for  Days for Days for
lium incubation pin-heading fruit body  total

Variety & post-incubation  (days) growth  growth
(days) (days) (days)
Uram 84 5 9 98
KME65035 84 7 9 100
(control)

Fig. 2. Mycelial dual incubation of Uram and parental strain

% :
(left)/Uram and control variety(right). Culture type : bottle culture(1100cc/75 mm)

1304 mm=E YZEEFF 1148 mmE Tt AUt F&45E  wBot AUtk AEAZS 1304 mmE HEEE 1152 mm
Het (/R g2EE 14MEY B, Wolgx WUl At f8ATE XD 2.91E REE 2.07)
98.4% =2 ZFFHT Ut Ho| &S 7okt Wiy = Rl B9y, Wol& % 933%E REFRY = v
Fe 173.1 g0 2 UI2FF 139.0 g o} =94t ol &S AW BATG FHFS 28340 UERFFT
SAAE Al ASEAE A Y= Table 82 2T}, vl 197.4 g Bt} EUTH(Table 9). B-XAu] A] A Kot
F 2 F ujkAds 82, xho] 20U 60U, HEUF 7T UIREFY o) Wx o] =d AL Au) A 373
d=2 AA AT 959 oA, HEFFS 57 UM o] Zjo] wjiEo 7 FetEr}
ZO)| A8 UG 1092 4Yo] Zo] HA AL HAY, BAA FEAHoR o] HERFE Kt
974 oAt} NAHL Zro} 2AA dol7t 4o Fa7357 B2 5
SAAE Al Zke] WEZH(LE)S 89.18 tEEFF 92.1 AS JeEpAT). 3, 2 Wol g v A Fg A
o} oA Bodth A4S 37.0 mmE HEREE 53.0mm °]loen wo]&-S 7Hokdl ke RIS diu] A u)

M123 456 M12 3456 M123 456 M12 3456 M12 3456 M12 3456M12 3456

UFP Primerl UFP Primer3 UFP Primer4 UFP Primer8 UFP Primer9 UFP Primer1l UFP Primerl2
M : maker, 1 : KME65035(control), 2 : KME65027(parental 1), 3 : KME65027-3(monospore of parental 1),
4 . KME65031(parental 2), 5 : KME65031-31(monospore of parental 2), 6 :Uram
Fig. 3. RAPD DNA band pattern of ‘Uram’ and parental strains.

Table 7. Fruit body characteristics and yield in bottle culture productivity test

Color of Number of effec- Ratio of

Varie deus Diameter of Diameter of Length of fruit tive fruit bod in-headin
ty p pileus (mm) stipe (mm) body (mm) vy P J

, Fresh weight  Yields” Index of
(g/bottle)  (g/hottle)  yields

(L-value) (No./bottle) (%)
Uram 88.7t1.1 96.5+15.0 32.6t£5.4 130.4£17.0 1.8+£0.6 98.4 175.9+£32.0 173.1 125
%i?f:la)ﬁ 79.1+8.8 92.8+14.6 44.3+5.2 114.8+18.4 1.4£0.5 96.3 144.3+36.8 139.0 100

J Including no pin-heading, poor growth, disease, & yields = Ratio of pin-heading x fresh weight

% Culture type : bottle culture(1100cc/@75 mm)

% Substrate : poplar sawdust(75%)+cotton seed waste(12.5%)+rough corn powder(12.5%)]+shells powder 0.2%
% Growth condition : Temperature 16+1°C, CO, concentration below 1,000 ppm, relative humidity 90%



Table 8. Required days according to growth steps in plastic
bag culture productivity test

.Day's for myce- Days for Days for  Days for
. lium incubation & . . fruitbody  total
Variety . . pin-heading
post-incubation (days) growth  growth
(days) 4 (days) (days)
Uram 82 6 7 95
KME65035 2 10 5 97
(control)
3¢ Culture type : plastic bag culture(1.2 kg)

A 25%, BRI A Al 44%7) =9k

=J=E
Table 10~Table 13 737]%= o5 2] BAu), A4
W E7ElA Bl AFE 7ol tEt sTHESA
3 FYGNM ASDAE Ads, AAA 549 5
ZFFo] AA
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PO PR
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BA A Al -] ZF HEge 89.4, ZHA 7 92.6 mm
2 fZ2EF5H stk ds7ls 347 mmE tiX2E
Z 4ASmmET AT AAAF 1163 mm=E HEZES
121.7 mmX.t}h Fokth, wol &L <9-ao] 100%= Aol
T BA dA oA LA o] o]FojH o, thx
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Table 9. Fruit body characteristics and yield in plastic bag culture productivity test

. Co.lor of Diameter of Diameter of Lerllgth of Nurr_lber Of, . Ratio (,)f , Freshweight Yields  Index of
Variety pileus ileus (mm) stipe (mm) fruit body  effective fruit  pin-heading (g/bag) (g/beg) ields
(L-value) P P (mm)  body (No./bag) (%) &b ghag) i
Uram 89.1+1.7 94.2+18.8 37.0+7.4 130.4+19.5 2.9+1.2 93.3 303.8 283.4 144
KMEG65035 92.1+1.2  102.4£189 53.1£13.8 115.2+19.2 2.0+0.9 80.0 246.8 197.4 100
(control)

J Including no pin-heading, poor growth, disease, J' yields = Ratio of pin-heading x fresh weight

% Culture type
¢ Substrate
% Growth condition :

: bag culture(1.2 kg)

: poplar sawdust(75%)+cotton seed waste(12.5%)+rough corn powdder(12.5%)]+shells powder 0.2%
Temperature 16+1°C, CO, concentration below 1,000 ppm, relative humidity 90%

Table 10. Required days according to growth steps in bottle culture farm test

. Days for mycelium incubation
Variety 4 4

Days for pin-heading

Days for fruit body growth Days for total growth

& post-incubation (days) (days) (days) (days)
Uram 90 8 7 105
KME65035 (control) 90 - - -
% Culture type : bottle culture(1100cc/p75 mm)
Table 11. Required days according to growth steps in bag culture farm test
Variety . . Days for rr.lyceliurTl Days for pin-heading ~ Days for fruit body ~ Days for total growth
incubation & post-incubation (days) (days) growth (days) (days)
Uram 90 8 7 105
KME65035(control) 90 10 7 107

3% Culture type : plastic bag culture(2.5 kg)
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Table 12. Fruit body characteristics and yield in bottle culture farm test

Color of pileus Number of Average Maximum

Diameter Thickness Diameter Length of Ratio of pin- effective fruit fruit body fruit body  Yields

Variety L a 021131111;;15 Oirilrl:i;ls O(fnizlp)e frlzﬁlﬁi))dy hezi;/il)ng body weight weight  (g/bottle)
° (No./bottle)  (g/one) (g/one)
Uram 88.3 -0.2 13.0 97.4 23.8 39.8 130.8 100 1.7 98.5 202 164.5
KME65035 ?
_ _ _ _ _ _ _ 0 _ _ _ _
(control)

J: Not pin-heading
# Culture type : bottle culture(1100cc/p75 mm)
¥ Substrate : poplar sawdust(75%)+cotton seed waste(12.5%)+rough corn powdder(12.5%)]+shells powder 0.2%

Table 13. Fruit body characteristics and yield in bag culture farm test

Color of pil Thick- Number of A Maxi
M Diameter 1c Diameter Length of Ratio of um e.ro Yerage a)'(lmum ; Index
. . s of . . . . effective fruitbody fruit body Yields
Variety of pileus . of stipe  fruit body pin-heading . . . o
L a (mm) pileus (mm) (mm) (%) fruit body weight  weight (g/bottle) elds
(mm) (No./bottle) (g/one)  (g/one) Y
Uram 89.4 -03 11.0 92.6 33.1 34.7 116.3 100 6.5 93.3 278 606.3" 147
KME65035
88.6 -0.1 114 93.2 35.1 45.0 121.7 58 3.8 108.8 252 4135° 100
(control)
J: DMRT at 5% level, one time harvesting
% Culture type : bag culture(2.5 kg)
% Substrate : poplar sawdust(75%)+cotton seed waste(12.5%)+rough corn powdder(12.5%)]+shells powder 0.2%
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Fig. 4. Breeding schematic on new variety Uram of Pleurotus nebrodensis
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