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Biological characterization and domestication of a white
Pleurotus pulmonarius strain collected from Mongolia

DAI Dan*'2, HU Jia*!, LI Jing!, ZHANG Lujun?®, PENG Xinhong', SUN Peng', DAI Jiancheng',
WEI Yunhui™

1 Institute of Agricultural Applied Microbiology, Jiangxi Academy of Agricultural Sciences, Nanchang 330200,
Jiangxi, China

2 Engineering Research Center of Edible and Medicinal Fungi, Ministry of Education, Jilin Agricultural University,
Changchun 130118, Jilin, China

3 Shandong Qihe Biotechnology Co., Ltd., Zibo 255100, Shandong, China

Abstract: [Background] The germplasm resources of cultivated Pleurotus pulmonarius in
China are scarce. [Objective] To enrich the resource bank of P. pulmonarius through enhancing
field resource collection or importing genetic materials from overseas countries. [Methods] A
wild strain with white mycelia was isolated from the fruiting bodies of Pleurotus collected in
the National Park of Mongolia, and it was identified based on morphological characteristics and
ITS sequence information. The effects of different temperatures, pH, and carbon and nitrogen
sources on mycelial growth of this strain were studied through single factor tests. Orthogonal
tests were conducted on three optimal levels of four single factors. Two formulas were used in
domestication of the strain. [Results] This strain was identified as P. pulmonarius. The results of
single factor tests showed that the strain demonstrated the best growth status at 25 °C, pH 8.0,
carbon source of soluble starch, and nitrogen source of yeast extract powder. The results of
orthogonal tests indicated the optimal growth condition combination consisted of soluble starch as
the carbon source, beef extract as the nitrogen source, pH 8.0, and 25 °C. Among the four factors,
carbon source exerted the most significant effect on mycelial growth. The appropriate cultivation
formula was composed of 35% lotus seed hulls, 35% fine sawdust, 20% wheat bran, 7% corn flour,
1.5% gypsum, 1.5% quicklime, and moisture content of 55%—-60%. When being cultivated at
25 °C in the dark, the strain needed 34-35 d to fill the bag with mycelia, with the mycelial
growth rate reaching 3.43-3.53 mm/d. Primordia differentiated around 10 d at 7-15 °C, and
fruiting bodies matured after approximately 7 d at 17-25 °C and relative air humidity of 75%—-85%.
[Conclusion] The biological characteristics of the white P. pulmonarius strain are different from
those of the existing cultivated strains, showcasing a high development and utilization value.
Keywords: growth conditions; mycelial growth rate; single factor test; orthogonal tests

JfiJE Al H-(Pleurotus pulmonarius) X £ XU HARFIET MR AF eI 2R TR . FE 4T 3 1Kk
M, W Fas . ENEEMfa s, R THTE  BBE6, SRR S EIRE R 12-16 °C,
I'] (Basidiomycota) i #i; 4% (Agaricomycetes) J# 4  Hi ZE S 4 AL ST, FELR KR/ S, B AR,
H (Agaricales) fll H #} (Pleurotaceae) flll H- J& &A1) fbaRIEH, R ELIE B SRR
(Pleurotus) !, ZA N A B RBHEEM B L4 Hib, AP TG aE04, Ak H 245 & i
IR ARG R R . FEam MR i, BREeAH At &0 KU i 5 s
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PRZZAKTE 15-35 CCIIZ M T A, b i
h 25-27 °C; FIEMAIE AR 18-32 °C, il
B R 25 °C, KUBHEE T w8 i A8l
2021 4, X1 B A P R L AR B 00 It R A -
TiiAe ZREVEA AT, B 36 AR 4k
FIRB LS H bR A BC Y, 450 B, Atk 36 4
PR A BT S IR, % 4 R A SC LR A
3R B ACHECHY, s R AR i O R
VREEZ s FEH RIS FE H,  38 ad o B A g R
AR ARG R, W e MR ) R R PR U

EHEFEEB O SA K4, A
M EETD | St R g U A AR HO
%, HPEARHEHEAHAOLFREKLT
REEE AT R AR, 2T B AR R B
TR B AR B A R DL B A S R b
SCEE R SEAMA T A AT AR A B A, VEE T
2023 4 8 H7ES i E R AT RIS — 0y 1
O J B T SR I o B RS TR MR, 55N
IETEANE: s SRR SR s g e, A
6] F H ar oAb 55 i Bk, & — A8 i il e
{IINENTE /8

R T B A P i TR B e P A SRR, AR
WG XT BL B R TE T A 2 R A 5 A 9 Ak 3
BAm, B T ILE SR AR KB B Gl B R A
A 8 A K B BE IS I B K AR Bs 8 2 i S5
DURA A 5ty [ B A B TR T R R 2 %,
[ By Jii T A A B2 ol o 3 (A A o

i R

1.1 #HilEK

1 €8Il T BS54 B VR 3 T 2023 4 8 /]
FBAZENTEEZRARBAL, A5 H D534,
FRAS T8 5 AR A T VTP A AR B2 e TR W An AR
T, BT AR R T VPG 48 AMb B2 Be o Fh A2
L o
1.2 EFE. TERFIFNEE

Ty 4% 2 7 75 W 318 (potato  dextrose agar,
PDA)R; FR S F MR TE L o B PR 2 A IE 52 it

B RERE L R I (e/L): BRI 20.0, &R 2.0, BER
AR 2.0, BIFREE 1.0, Bk 20.0, pH AR
BREY R AR BOAR &, ROy B R
H B A PR S

TER IS IR A0, SH P2 UG (R AR A
Al; PCRAY, (A SRA A B 22 B BRA A
BREH A, AR RVEY R AR A A
1.3 FRAMEHRNEE

Xof W A SR A - S A B L B AR A ) TR R
B 1) - S AR T 7 AN BEOUL T 25 R UL Al
A, IF5 4= E GO 0 ) B JE Py R A T e
BBSE o [V 2R 00 AR W 2 5 ik X MR e 45 2R
PEATIRUE, DL AR SR 2R oy B AR AR Y 2l
FRFRTH 22 AR SRR, T B AR ) R IR 2 4 Ei
A GARBOCE N DNA, #BGEMAS1Y 1TS1
FITS4 47 PCR 245 H Py 7% 53¢ 6] [ [X. (internal
transcribed spacer, ITS)H B!, PCR y=#¥)3Z Hi
A TA ) TR (i) e BR A R HEA TN Y , R
ZEM e B ) 1 i 51) 06 P RIS X A O, AR
A ICHE I s i A IR S . 7E NCBI ¥
JE ORI 25 S0 F T BLAST FEXF 408, 5 A
GenBank (https://www.ncbi.nlm.nih.gov/) 2% A4 |
Ho @ AR OGS B 1 5 Al v vk 1 7 91 2 A
MEGA 7 H#&)F AR, I “muscle”
Fo X S mE R A T % S A0 B, i ] 1Q-TREER”
il MrBayes 3.2 42153 73 44 8 e R AR SR ¥
DML RGE R B R, 3 R I 22 A 4
(Pleurotus purpureo-olivaceus)/f: ky #ht , I i
FigTree v1.4.4 BT B/RRGE LB
1.4 BRERZFAE
141 EERE

DA 20 Ry [T B . PR R O [ R
TERVERS R 3, BIMRAE PDA R IEGIb)E, ff
M5 mm FTFLESE R [ PR T AL, W
Wi R R IR R p e R E 200 25, 30
35 CRYfEMREESRA P AT IR . 7 d G H+F
T GEMEEE AR, TEEZAERKER, W
FOMLR WL K, SRR 5 ER,
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1.4.2 pHIRIE

DA 260 B by T ik U . TR A R [ A
PEHIERFR 4, [ 1 mol/L 325 1 mol/L &
AALENIE T RE 3R 3L pH (EH ZE 5.0-10.0, [A]F% 1.0,
e B 25 cCHEREFFA DTSR, B
PR AR 22 A KIS UES Sl sk ] 1.4.1,
1.4.3 ®RiERE

A3 DL 22 B8 (AT S T R AR ) . B GE
ZERERIRERE) . SO R A0 ) oA At DA T 1 85
Fet, DURTSIBRIE A%t B2, A5 & 25 °C
PR IG FRAE R A TG R, B S A ER
22 E R AE UM EE Sl sk A 1.4.1,
1.44 FFERE

Sl A MURIR (R A . R R 4 N
B JCHLR IR (A RN BT R ) 1 R R LU
RIS TE R E R [ IR I VER 7R3, [RIRPR A
USR] IR B B R AR 0T R . R e &
25 °CHEIRIFFRAR h A TR %, b PR 5 N
2. WERENINE SR 1.4.1,
1.5 EXRIRAWE

e Bk 4 AR FRE A E, AT
Rkl 3 ANEAL A U R R = KRR IEAS
§E L e BN S O 5 WL 8 1 Oy ] Va0 D IA O o
B pH. BRIEFIRIR . BRIP4 ANEE
W22 E RGOS 5k sk A 1.4.1,
1.6 YL ik1E
1.6.1 #HIZHHIME

BRI —: K 35%. T 35%.
HER 20%. KK 1% AKFAER 1.5%, &%
KR 55%—60%. F 24 cmx 12 cmx0.005 cm ¥
PRAS R RE, TSR R 400 g, ARSI —
B, RSN 12.0 em, H O R AERE O,
FERIE T . HLKE 79% . &8k 20% . G #
1%, &/KETHZE 55%-60%. f 24 cmx12 cmx
0.005 cm RINFARBERL, BRI R, 400 g, 14
HEEH A —3, RN 13.0 cm, B 5
RERE T, FIE 121 CEEKE 2 h, 5
ERHERER, @GS TR, &

ESHER A 1/2 BEFR(9 em AR SRR, A
JGF 24-26 °CHAMF T RIERE IR
1.6.2 HEEEH

RSN G T 24-26 °CEC1FF SAmG s 3 it
TREEM, FHFHONEZHREEZR
715 °CHMIGIR A AR EU G40 T A7,
HHHEB 2R e, AR BT
O, B REAE 17-25 °C, FHXE B (R 7E
75%—85%, K 600-650 Ix HU G 12h, &
Aof 3 AU — A A Bk FE #E 600-660 mg/L.

2 ER594

21 EMEEER

LA ITS1 F1 ITS4 & PCR 5194 ¥ 3R1519
Mt B 2R bR B ITS FA PR R
GenBank, R1FE %S PQ269712, | KA
SR DLW I T ITS A AR R H
P 1), BB ESSR B P RSP R 3
PN H R A — 2, 45 ATk, mRIES#
FRAE AN FAE W2 b I, 3% T AR 1 2 R R It T
ME-
2.2 EE4EMN
221 AREEEMEZEKNEMN

T AN RIS S R, (T
BIRE D534 78 30 °C K LLTT W N X AT B & 4
K, 35 cCHp A K BB Z 24l . 7EAtRE RS
FEN, TR ROE A RIEE N 25 °C, WA Kk
R 7.64 mm/d, B E YT AR R, 22 .
Kot HyCh 30 °C, 224 K# %N 5.46 mm/d,
B 22 3% FUH B T LGN 5 78 20 °C& 4R,
W e K% R 4.88 mm/d, W21 H%, Wik
A (E 2)0 R R 02 B Z R b h iR
RITRPR(E 1),
222 AEIEFE pH MEZEKAEMN

F (il ) B e 35 77 5 pH 7.0, 8.0 1 9.0
T, WAK#EESG R 821, 8.45 FI
834 mm/d, HH = FHZHESAEE, WHIEA
NGBE, 22 KBS 3); B4 pH 6.0
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Bl1 ETITS FIKKRAURERGLRER Do i3 5 B R BRI A R, AR
DL RAUSRE SR F A5 H 718 5 Bootstrap {E>50% (75) X DU J5 B 48>0.60 (40 bRidi7E 19 AL E ;s AR
NI IR

Figure 1 Phylogenetic tree based on ITS sequence with maximum likelihood method. The tree topology of
the Bayesian analyses was similar to that of maximum likelihood, so this figure presented the topological

structure with the maximum likelihood method; Bootstrap values (left) >50% from analysis and Bayesian
posterior probabilities (BYPP, right)>0.60 are shown at the supported branches; The scale bar represents the

genetic distance.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2794 A 2 AR Microbiol. China

20°C 25°C 30°C 35°C

2 FEIREXBEMEMNERELZE KRN

Figure 2 Effects of different temperatures on mycelial growth of white Pleurotus plumonarius.

*1 TEERENEZLEKBEMN

Table 1 Effects of different incubation temperature on mycelial growth of Pleurotus plumonarius

i B T 22 R IE LRSI 25 i EE [ S7]
Temperature (°C)  Colony characteristic Growth rate (mm/d) Significant difference Mycelial growth vigor
0.05 0.01
20 W, Ae 4.88+0.09 c C +
Dense, white
25 wE, Ae 7.64+0.43 a A bk
Dense, white
30 wE, AE 5.46+0.34 b B ++
Dense, white
35 wE, A6 0.62+0.16 d D -

Dense, white
b BAKBER; e MAKB MG v BEKBH. RRNSFRIOR P0.05 APEEER; RS
Fon P<0.01 KFEER. TR,

+++: Mycelial growth is strong; ++: Mycelial growth is general; +: Mycelial growth is weak. Different lowercase letters

represent a significant different at P<0.05; different uppercase letters represent a extremely significant different at P<(0.01. The

same below.

pH 5.0 pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0

3 FEEFE pH M EEMEMEELE KM

Figure 3 Effects of different pH on mycelial growth of white Pleurotus plumonarius.

ST 2 KR4 730 mm/d,pH 5.0 & E pH (EIEEN 7.0-9.0 (3% 2).

S FAERKEERZ, 5695 mm/d; pH 10.0 2.2.3 ARIBRENEZ4E KN

M 2 KR e T HAAN R, [l P € Bl T A0 BB o7 5 pt sl e VR 1 3% 77 3
6.05 mm/d. ZEA4HHT, FERITEMERFRFE  EWREAERK, W2EEREA6, AEWHLER
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(E 4); TETCIIGE XTI, TRZ2RR 5T, KBS .
FE A (AR 5 R o3 B U R ATV R E A,
A KA A 1K 9.78 mm/d, fE T Ak 3
FLUR hy B R 22 2, B 22 A KR Ay
8.99 mm/d il 8.89 mm/d, —FHZI[AEFANEE;
FRICONRITRE, P22 KRN 8.24 mmvd; FE#I%
BHABRIR AR TR AL 22K A, o 7.64 mm/d,
B 22 AR VE I G AN E TR (3R 3)
224 ARRBEMEZEKHTMN
TERHR AR, AT H 5 225 AL
R B R L T ICHLAE IR (& 5). BERER ¥y R
R IR 77 3 b B 22 A4 Kl R B 5 e HAth b
L, Oh 8.84 mm/d, WZWE, KM, g

(B 5); HUONAREBME AR, Wb
HAHh 7.86 mm/d F1 7.60 mm/d, HZZTEMA .
% FUCHIRIRE: , W22 KA 6.80 mm/d,
PR 22BN EL s FER BN RIR R L
P22 KR8 HR 225 b NI IINA
5 ) B A B TR 22 A4 K AU 5.56 mm/d, IF
HE 2250 fidi; LR W 228 K BUR AR H
2 R AR B3l AR BERRR B (3R 4)
23 EXRREERSH

FR A AR g0 25 R vE BORLEE . pH . Bk UA
FEIE IR 3 DK TR R =K IE
TR (F 5)0 FHIE ARG 5o M i Xof 1 2244
Kef R IEAT AT, s Bk TR R e £ i T

x2 AR pHMNBAERMEMERELE KN
Table 2  Effects of different incubation pH on mycelial growth of white Pleurotus plumonarius
pH T 22 R IE AR 25 WHE T 22 K H
Colony characteristic Growth rate (mm/d) Significant difference Mycelial growth vigor
0.05 0.01
5.0 wE, A 6.95+0.18 c B +
Dense, white
6.0 W, ne 7.30+0.29 b B ++
Dense, white
7.0 wE, H@ 8.21x0.07 a A e
Dense, white
8.0 wE, @ 8.45+0.10 a A e
Dense, white
9.0 wE, (@ 8.34£0.15 a A e
Dense, white
10.0 e, fa@ 6.05+0.32 d C +
Dense, white

it i
CK

kST

Glucose

Sucrose

B4 ARREXNBRMEMERELZE KRN

Az M
Maltose

ki

Dextrin

T

Soluble starch

Figure 4 Effects of different carbon sources on mycelial growth of white Pleurotus plumonarius.
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®3 TREKFEYBeMEMNERELZE KBNS

Table 3  Effects of different carbon sources on mycelial growth of white Pleurotus plumonarius

TR T 22 FFAE AR R 225 W 22K

Carbon source Colony characteristic Growth rate (mm/d) Significant difference ~ Mycelial growth vigor
0.05 0.01

g A wE, fe 7.64+0.43 d D .

Glucose Dense, white

iz Mg, 1€ 8.990.19 b B FH+

Sucrose Sparse, white

CIREES e B, A@ 9.78+0.19 a A T+

Soluble starch Little dense, white

Lk wE, ne 8.24+0.09 c C ++

Dextrin Dense, white

e wE, A 8.89+0.16 b A ++

Maltose Dense, white

X i Wi, 1 6.710.03 e E +

CK Sparse, white

Fogiis
CK

H

Peptone

Yeast extract
powder

Es5 FAERENBGMEMNERELZEKHZE

Figure 5 Effects of different nitrogen sources on mycelial growth of white Pleurotus plumonarius.

x4 TERBFENBERHEZMNERZE KAFN

Table 4 Effects of different nitrogen sources on mycelial growth of white Pleurotus plumonarius

TR

Beef extract

NH,CI (NH,),S0,

AR W 22 R AE AR R Zm A

Nitrogen source Colony characteristic Growth rate (mm/d)  Significant difference =~ Myecelial growth
0.05 0.01 vigor

TREREIE By wE, Ag 8.84+0.19 a A R

Yeast extract powder Dense, white

HEH W, A6 7.60+0.27 b B ++

Peptone Dense, white

FAH wE, Al 7.86+0.10 b B ++

Beef extract Dense, white

TR Bk B, A@ 6.80+0.37 c C +

Ammonium sulphate Little dense, white

Ak B, A6 6.06+0.15 d D +

Ammonium chloride Little dense, white

Xif B Mg, ZEW 5.56+0.15 e E +

CK Sparse, transparent
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x5 HEMEMNERLEKEXRREERENSH

Table 5 Intuitive analysis of the orthogonal test results of white Pleurotus pulmonarius

ks R pH 3/ R AERER HERY

Test No. Temperature Carbon source Nitrogen source Growth rate  Mycelial growth
(°C) (mm/d) vigor

A 1 (25) 1(8.0) 1 Soluble starch 1 Yeast extract powder 9.98+0.25 +++

B 1(25) 2(9.0) 2 Sucrose 2 Beef extract 8.60+0.41 ++

C 1(25) 3(7.0) 3 Maltose 3 Peptone 7.11+£0.44 +

D 2 (30) 1(8.0) 2 Sucrose 3 Peptone 7.64+0.25 ++

E 2 (30) 2(9.0) 3 Maltose 1 Yeast extract powder 5.26+0.28 +++

F 2 (30) 3(7.0) 1 Soluble starch 2 Beef extract 9.214+0.35 +

G 3 (20) 1(8.0) 3 Maltose 2 Beef extract 8.20+0.18 ++

H 3 (20) 2(9.0) 1 Soluble starch 3 Peptone 8.17+£0.30 +

I 3 (20) 3(7.0) 2 Sucrose 1 Yeast extract powder 7.90+0.13 ++

Ti 25.69 25.82 27.36 23.14

T2 22.11 22.03 24.44 26.01

Ts 24.27 24.22 20.57 22.92

Xi 8.56 8.61 9.12 7.71

X2 7.37 7.34 8.15 8.67

X3 8.09 8.03 6.86 7.64

R 1.19 1.27 2.26 1.03

MERE2ZAERKRE FEMRE, Ek2ERZE
2.26, Hk & pH R AR, 22558 1.27,
1.19 F1 1.03. JEEFIIBHEF/ N R Xi>Xs>Xo, pH Y
PIHE K /DR X>Xe>Xe, Bk U5 #3105 K/ Ky
Xi>Xo>Xs, BIRPIBER NN Xo>Xi>Xs, H I,
BAEHA N ABICiID,, HIREE N 25°C, pH 8.0,
ALV R M ARIE . 2R IRE AR (E 6), LT
B 22 K 0(10.5140.22) mmv/d, BfiA AL A 10
P22 A KR A E S AP

XPIEAC G5 AT T 200 (3R 6), 4R
N, BRIEI FAEROK, BRI pH. IR
R, WEm FESER THAM 3 ARE, 5
=5 MEMIras R —3.
2.4 YL FIE
24.1 KEME

1€l T B B4R 55 an & 7 s o B 7A
TB RHPAE SR R TR B 2 AR BT AT

2SR R — 30k 400 g, A%
PEYSS]—3, BRSNS 12.0 cm, 1E 24-26 °C
SR B SR, WS 34-35 d, P
KN 3.43-3.53 mmv/d (8] 7C); AR IR )y
AR 400 g, MAREEXIS) B, RERLEER
13.0 cm, 7E 2426 °CRARE AR, HZiiisTZ
64—66 d, IR HZ K 1.97-2.03 mmv/d (K] 7F).
242 EFMHLEE

W22 AS )5, FAR R AN B =i 7-15 °Cryfik
T HARBUOE A T TR, 10 d 2T
kB 4500 T AN TS AT 2/ N RS A, 7R TR I
T AL FFA%, KR 5 4% B 2 Be s 48 h R4 T
A BRI E 17-25 °C, M X
75%—85%, K 600-650 Ix HLFHEIE 12 h, &
b XS — AR A B B 600660 mg/L, 7 d /2
L PR B(E 7D, TE. 7G-7)), #REEFE
RIE SRR 5 B A - SR AL
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B 6 EXREIRESHLEKKRE

I IfEA

Optimal combination

Figure 6 The growth status of different combinations in orthogonal tests.

6o HLEKEXABLERNAESH
Table 6 F-test of mycelial growth

HIR NERE Syl F ¥J7 F BFEME
Source Type III sum of square df Mean square F value Significance
R BE Temperature 0.108 2 0.054 58.105 0.000

pH 0.121 2 0.060 64.915 0.000

##% i Carbon source 0.385 2 0.192 206.636 0.000

% i Nitrogen source 0.099 2 0.050 53.245 0.000

2 Error 0.034 36 0.001

3T Total 29.610 45

FEIE Y BT 0.747 44

Total after correction

3 W

AWFFEaR IR A R Bk, ke 5 Fh
BV AT L TR B R, o, Rl
PR TR PETE Ry (20, HUCON FERECOURE) . %
ZERECOURE) . WIS (B R AR (RO . e
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Figure 7 White Pleurotus pulmonarius. A: Front view of wild fruiting bodies; B: Back view of wild fruiting
bodies; C: Cultivated bag of formula one; D and E are cultivated fruiting bodies of formula one; F: Cultivated
bags of formula two; G and H are primordia of formula two; I and J are cultivated fruiting bodies of formula
two; Scale bars=1 cm.
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