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Abstract: Optimum culture medium for Lactarius deliciosus rcb-74, L. vividus rll-107 and L. vividus rmsh-118
was screened by measuring diameter and dry weight of mycelia. The results showed that all isolates had
relatively large diameter of mycelia and the maximum dry weight on modified biotin-aneurine-folic acid (BAF)

medium. Lactarius mycelium cultured in modified BAF liquid medium was inoculated to Pinus yunnanensis, P.
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massoniana and P. tabuliformis, and mycorrhizae were observed in combinations of L. deliciosus rcb-74 with P.

yunnanensis and P. tabuliformis, combination of L. vividus rll-107 with P. massoniana, as well as combination

of L. vividus rmsh-118 with P. yunnanensis in 13-30 days.
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HAUEJE Lactarius Pers. ¥ T A P A A E H
WRER, FESREL 76 FRMEARRHEE 2 5 R
FhOE A A AR o A4 FL %5 41 Lactarius sect.
Deliciosi 7& L% J@& B — MR B, XA
FERHR 73 W] £ B2 A B SRk 7l gl (R
AL 2008; B EREE 20100, XLEH g5 HAY
gL, PFEEE ARV, HRZHT Sk 5 AR
W5 4% (Nuytinck & Verbeken 2007; F ] #&
2008), FEAK TEl . M s g Ak
JTAREHARAGHMBE S R L
deliciosus (L.) Gray~ ZLi1¥L.%# L. hatsudake Nobuj.
Tanaka FIPE T .45 L. akahatsu Nobuj. Tanaka 25 B
A ENEANE SR L s AR T2 AL (Wu et
al. 2019). Poitou et al. (1989) FH AL ik FFiE
FEFR, B RIS RA FLLE T SEAA o 1 5 o0 o 2 265 1)
REEW A T AW, BN T A BHE AR K
NEIFL G AR EE R, I ZHY S|
an BIE AT T AN 90 SRR T UEBIF FUAA FL 4k AR5
T8 3 M T v S S T A L S R O A
Pinus radiata B HRA B, FEE R R 85 1 1
PR IR TS FA FLEE T SE4k (Wang et al. 2002),
IS B B RS L wE AR AN B BT

(Guerin-Laguette et al. 2014). [& T FAFLTE,
Yamada et al. (2001) 7ESCEG = %M T &R 1 #
ZLFL%% L. akahatsu 5754 P. densiflora [P TRIAR ,
FAE BRGNS T FSifk . SEEFLLs L
indigo 5T FRA B BRIAR (1) B D & B AE — e A2
FE BuRAN 7B AL wE EARBE T R =, Rl
e L T R SR E AR R PR T AT AR
% (Flores et al. 2005),

Nuytinck & Verbeken (2007) [ LAEF
FLus HAEH TG B N AFE 38 AN, Hrphdp

[E PG F b X 235 9 4~ (Nuytinck et al. 2006), [
W LIRS FLEE AL P AAh, — R Aok
Fifi 44 & % (Wang et al. 2015; Wang 2016; Han
et al. 2019), XF T 4 % 3 1 73 28 TARICAE AT
e MEVEEMXEEFE RIS R, A
—RALBERRNEAAE SN ECHE, A
TEAEY . WYL RS 35 B0 505 T #A &
KEMHETT (TF475% 2006; ##i%E 2013;
RS 2017), TERKTJTTH, I BE WL LT
FLIE AR & K S R 3K, 32 B b T 3L 4 A
A (HisE 2011; AEIRCEE 2014), H
B Z A B TEAS Aoy TR o oY AR 3 B A
(2006, 2008) 20 “FHi/EWIF R T L 65 &
BT (R 213 L3 AN Ly R AA T el 4 i T 4 7
ik 675 A/, HERIZ AR AR R
B N TSP RS SRR, ATk
BTMAERMEIAL L vividus X.H. Wang,
Nuytinck & Verbeken fENAFFUX %, BEGHLE T
PR 22 CEAN [ 70 A AR K R A 5, B
Pl H 5 F &I LR A % (Guerin-
Laguette et al. 2000), XTIXPFIFL%E 5 3 i [H
AR FREAT T BAR G A, B AR A R 22 4F
KREFRIEANTE E M, ok L% 20 1 7L 205 1A AR
AT TR 2R 72 B s B, R AR S L AR S
PE R AR .

1 #ME 5 ik

1.1 #¥

1.1.1 HEME: FaALLE (rcb-74) T 2015 6 H
29 HIWSET = 4 BRI T R WU B2 i 3 # AL
% (rll-107) F 2015 49 A 3 HRHASME R HE
Bl WM B3 BIALEE (rmsh-118)
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12015 4F 9 H 10 WK H BT AR KIEE 4 #
Wi e FEUEARA AT T [E L7 B B AR Rt
FITESAEH AR ANE (HKAS).

1.1.2 #F4kl: =®ts (Pinus yunnanensis, PY)
WL E B WA (P. tabuliformis, PT) WL H
LA SEM (P. massoniana Lamb., PM) X H
B

1.1.3 ¥3#%: M+P[MMN (Marx 1969) 5 PDA
IR E), modified BAF [BAF J57%3: (Moser
1960), TMEICERE I (Wong & Fortin 1989),
25mmol/L 1Y) MES 221, PDA, MYA (Endo et al.
2014), BEFRIEMA BN LK 1.

1.2 B

1.2.1 A FREHLN S E S5 BRIAGE
29, VIBRBER, F 75% 009K 6 5 55 2% 1 4]
BN S N TR )RR 2L 2 1 o5 3R
[, SRIEHIT TSk, VIR NE T M+P 5555
B b MEMIFRESE AR T 23 CR AT R
M B 7%

1.2.2 AFEFE EF2EK:. —MH)E, @&
PAEKIRES RIFMELIE M+P BflgR 772 L H
B, BEFENELAEK1NMARE, BE M+P.
modified BAF. PDA Fl MYA Fiflg¥s 753, f5iEI%
S )G, EHRMMEERAN 7em HIEH B
WY TSV 2B T AR R 75 F,
AR L S ARREFRENHES 5 NER.
R FRELET 23 CHRFMAPRER IR 14
g, HTZZGENBERH 2B, Rakwe
MIEFEAL FHCT BT 80°CHIMEM T 240 BT,
FREFH

1.2.3 Pk M HZEEKIRIL 48h, U
T J5 H 30%M1 H,0,12 i 10min REHHFE, HH
T KA 7 AR BR R R B I H0,. K
B A A B A 4 11 AR R ELIR & 3950 )5 7
BT B WA, BT S A LR S —
JEHE T .

1348 EMFIR
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Table 1 Composition of nutrient in different media

D %ix PDA MYA M+P  Modified BAF
Compounds

FAb4h Nacl (g) - - 0.0125 0.025
FAkAT cacl, (g) - - 0.025 0.05
Wi EE MgSO, (g) - - 005 015
R — A4 - - 025 0.34
KH,PO, (g)

FALEE NH,Cl (g) - - - 0.56
e - - 0.125 -
(NH,),HPO, (g)

2-(N-MEBtk) Z Rl R - - - 1.95
MES (g)

HLEZ Inositol (g) - - - 0.05
Bifi% & VB1 (mg) - - 0.025 0.1
EE - - - 0.2
Morizet (mL)

19647 15 B Bk - - 075 3
1% ferric citrate (mL)

% BE S ELAY) - 1 025 02
Yeast extract (g)

2 R - 10 025 -
Malt extract (g)

5 AR EL) 200 - 100 -
Potato extract (g)

A JF Peptone (g) - - - 2
W& Glucose (g) 20 - 20 20

e T B IR RN 1L R R AP E I, Rt
# pH ¥ 5mol/L f) HCI 5% NaOH iK% 5.6-6.0
Note: Quantity of all compounds are given for 1L of media; pH

of media was adjusted to 5.6—6.0 with HCl or NaOH (5mol/L).

1.24 WAREGM: WARREGK: (1 BEKEL
g R4E 1.2.2 AR IR ERZAEKK
iR, PRGNSR B AR R R A . R
KRIFIELZLEL 1em® RNIHUE B TR R
(9cm) W, FEAEFFRIMAIN 4-6 BRIF 22
MBS IR AL, IR ERIGF SO w228, &
T 23 CEFRAMEIE IR, () WG Pk
2 M HJE PRI AGE AR AT B o WAAL:
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FENELAK 1 MHE, ERAKRES RGH
W 22 AT AR . CBEKIE BEAA AR R, 2Bl b
PTG K55 TR0 L2 AR EE R R B, e
22 K500 J5 K B 22 DTRROR 2T 1em?® Ko FATTAR S
NEEE LW EN pve AEH4SH, FERST
R B AR T, 4RV B R 2238 (3-5 L) /)
CTREFA T AR I, FSEMA 25mL MES ZZit
W A BESRANE RS, FFEANT
SEFENRATER TR OB 18h, IRFE 23°C; BHE
6h, R 18°Cs B MERH: 100umol?/s). A
5] R Pl S AN RIS R ZH A58 reb-74xPY/PT/PM,

rll-107xPY/PT/PM. rmsh-118xPY/PT/PM, HiFf4H
G& 3 MNERE . MRA AT PY. PT. PM,
ARSI ANEL,

BRI B AR A Rl L i 2B
BOR AW 2 =4:2:2:1 (IRFALL), JEFTIZ LLGIR &
JG 121°C F K4 60min, [HF& 3-4d J5 K —K.
WA W2 EXURA RS
AL A BN 10cmx10em 75 T 76 B 35
FRIMLAP, ETHELRIF IR 28 (3-5 Ho) /MO
BURA VAR BRI, SRS BN — 2 R I A )
Ji, M 10mL MES . K3 srmsE H)E
A ZE A2, N LAUEFE N AT R 9%

(18h J&lfl, 23°C; eh HEHE, 18°C; BB RGH
$t: 100pumol®/s).

1.2.5 WRIEE Ly r55E. ©MERA R
TGN SIS TR T AR BT O FLEETE
MBI O, S, BRSO,
MR T B B R, A T g2 3]
e AN RN i RGN ARG R ]
(Guerin-Laguette 1998; Guerin-Laguette et al.
2000a; Wang et al. 2002). {7 & HEHU R DNA,
H B TS Bt ¥ 51979 ITS1F: 5'-GGTCAT
TTAGAGGAAGTAA-3', ITS4: 5'-TCCTCCGCTTATTGATA
TGC-3'. 25uL PCR & &AL & 1ul DNA, I1E/ [
5% (5umol/L) % 1uL, 2.5ulL 10x buffer (Mg*"),

1.5uL dNTPs (10umol/L), 1uL BSA (1%), 0.5uL
MgCl, (25mmol/L), 0.3U Taq . PCR 214N :
95°C 5min; 94°C 1min, 50°C 1min, 72°C 1min,
35 MMiE¥R; 72°C 10min. PCR P=H)48 1. 2% kL
HLVKRI IS, 36 AR A wEAT I o

1.2.6 Hmortr: AREFRE W2 EANT
HLJH SPSS 13.0 BEATHRKER T Z 70t (ANOVA).
P Lt 1S4, T 22 DL RS R T AR Y
AT DNA %558, JE{H F BLAST X3R5 (1 TG 7 41
L GenBank H[1)/F HIHEAT LLXT, FHABLEE KT 98%
HIEAN—A> OTU. f£H] Sequencher (4.1.4) Bt 5
YmiE PS5, fF Biokdit v7.0.9 HHiEAT ELX AN ShHE
7, HEHF 5 MEGA 6.0 H1] Neighbor-Joining
HERGKEM

2 BERG5M
2.1 FEEFELE2LEKER

AR TR FAEKKEZ (B D #H7E
BRTEANE, MELRILE 2. B2, B3,
MRPELE AT 4 st M 2 BR 5=
(R 5E 25 RAS—F

rcb-74 B 22 AR R I N : MYASPDA>modified
BAF>M+P, MYA £53%3t MR EHARK, HYS
FAN 3 PR IR AN E Ok BB R K P

(P<0.01) . H% A PDA, % J5 4 modified BAF(PDA

5 modified BAF FHZBHEREZRARE,
P>0.05), B2 EHATH/NIIN M+P; rcb-74 TR £
T-ERIN: M+P>modified BAF>PDA>MYA, [ %2
BRI M+P 85374k ER 22T H K, O
modified BAF (M+P 5 modified BAF I [¥] 2T
HEERFAEE). £ MYA 5553 A KB 2T
gk,

rll-107 A1 rmsh-118 K1 22 HA2 R I A
MYA>modified BAF>M+P>PDA . MYA #5353 - 115
2 EARK, H5 R4 3 Filg it i = Rk 2k
TEKF (P<0.01),
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‘A

Bl 1A-C: WAL (A: rcb-74) MBEIALE (B: rll-107, C: rmsh-118); D-F: M+P ¥4 (D: rcb-74, E: rll-107, F:
rmsh-118); G-I: Modified BAF ¥55%% (G: rcb-74, H: rll-107, I: rmsh-118); J-L: PDA }i7%3 (J: rcb-74, K: rll-107,
L: rmsh-118); M-0: MYA #3723k (M: rcb-74, N: rll-107, O: rmsh-118)

Fig. 1 A—C: Lactarius deliciosus (A: rcb-74) and Lactarius vividus (B: rll-107, C: rmsh-118); D—F: M+P medium (D: rcb-74, E: rll-107,
F: rmsh-118); G—I: Modified BAF medium (G: rcb-74, H: rllI-107, I: rmsh-118); J-L: PDA medium (J: rcb-74, K: rll-107, L: rmsh-118);
M-0: MYA medium (M: rcb-74, N: rll-107, O: rmsh-118).

*2 FEEMAE4MERE LNELERURELTE

Table 2 Mycelial diameter and dry weight of different isolates on four media

P88 Lactarius deliciosus rcb-74 L. vividus rll-107 L. vividus rmsh-118

Media HiE +H HiE THE HiE +H
Diameter (cm) Dry weight (g) Diameter (cm) Dry weight (g) Diameter (cm) Dry weight (g)

M+P 5.03+0.251 0.143+0.0005 4.13+0.115 0.136+0.0012 5.06+0.115 0.136%0.0005

Modified BAF 5.63%+0.153 0.141+0.0015 5.13%+0.058 0.147+0.0025 5.10+0.000 0.146+0.0021

PDA 5.73+0.115 0.140+0.0017 3.20+0.000 0.137+0.0015 4.03+0.251 0.134+0.0025

MYA 6.43+0.115 0.125+0.0032 6.53+0.058 0.112+0.0020 6.57+0.115 0.103+0.0025

1350 EMFIR
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Fig. 2 Mycelial diameter of different isolates on four media.
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Fig. 3 Mycelial dry weight of different isolates on four media.

rll-107 I 22 T ERIN: modified BAF>
PDA>M+P>MYA, modified BAF 35775 F 4 T 5
K, H5 5158 3 M g B 22 Sk BIHK 2 7K
- (P<0.01). rmsh-118 IR 22 T HED N:
modified BAF>M+P>PDA>MYA. modified BAF 135
B2 THEEK, HE55 3 MR ER
B KE (P<0.01)s

DAAE T AR e . AR e S R A
bR (FMEESE 2015), i+ modified BAF {EH
R AR A B SR B0 1) i B R 3
2.2 FRERK

MRIEA F R I B 22 AR K sE I 5 1, 8
modified BAF {E AR FRERT R 22 T 223%
Bt 3 FPASERAS I 13-30d, 48P rcb-74/PT.
rll-107/PM. rmsh-118/PY JERLER (& 4A-4C).,
13-30d Ji 55 FF L N rcb-74/PY . rll-107/PM .

rmsh-118/PY LKA (& 4D-4F). HREIE A
EE, wE. SHOERG, REEEEKHE
FEEDIRFEIRE 22 (- 4), S R iE T Wik
WER s LG (B 2). AR A el
B E (B 4K, 40). B ITS PCR 3 =4l
¥ )55 GenBank W[/ HEAT LLXT, KR, T
SRR 22 1) 7 S AT HET IG5 F Mega 2 NJ B
(K 5), AMNEBEN Lactarius rufus. T 22 FIEE R
K 5 ¥ 4238 GenBank FF 35 1540 N i) 7 51 5
(£ 3),
3 i

AR T 38 I 2 A7 AS [ 7 2 R o R A [R5
B EWME L BEAMTE, fHiEH T R LRSI
FLEE 2 A KRG IR AL, MR R, W
b 7L B 22 #7078 77 | 1 modified BAF 15775
R BRI A K FE AR KA R . 7E MYA
Brgrdk b, BT w2 e KR R, HEZ
RUUNFET I FPORER, RAAE /N
TR4h 3 Pl FREE, SLES T T A RE IR pH 1Y
WH 5.5-6.0, WLAKIRERAN 23C, K2R
PEFL a5 R AEH 25 -3 pH DL Guerin-Laguette
et al. (2000) MAREREMN . H2E N THRGE
IHER IS B, SR A7, 5 Bk X
pH FNREHAT AL, PRIt E A& MW 224K 4%
fFo FEARBEFL A, R B 5 WS M 7%, K
FRAEE TR 25 3 P EAA B BRI AT AR &
%, FELE 13-30d WIRTF T A LI5S 2= ma A4 AT
FARITE AR, BUENFL %S 5 2 FE A A R A 1 B AR
PR A B 30 A B T 1 8 3B AR 1 EAH A 1
(Giomaro et al. 2005), H R MRS5S ik
SE T HRFRE I AR R R A Re )5 A
TR B AR BT AT SR A, IR R ER S AR T
TS24k (Kennedy 2010). W4 K&, 16
FEA IR B s 77 2k I B 3 240 2 52 ) 1 AR 2R
KA EZEKZK (Zambonelli et al. 2010, 2015;

EMEFIR 1351
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B 4A-C: AR (A: rcb-74/PT, B: rll-107/PM, C: rmsh-118/PY); D—-F: RN AN HAR (D: rcb-74/PY, E: rll-107/PM,
F: rmsh-118/PY); G: HWNTEMBEMRMR R (FikENEMR); H: HFRMATERERPIR R (FFLANERD; 11 BRI
W2 (Fi3: 1 1A (F: K L BER O (FE) L R 1L, J=0.5mm; A-H, K, L=lmm.PT: W#: PM: SR

PY: ZmFFIA

Fig. 4 A—C: Mycorrhizae in sack culture (A: rcb-74/PT, B: rll-107/PM, C: rmsh-118/PY); D—F: Mycorrhizae in plate culture (D:

rcb-74/PY, E: rll-107/PM, F: rmsh-118/PY); G: Root system with mycorrhizae in sack culture (arrow mycorrhizae); H: Root system

with mycorrhizae in plate culture (arrow mycorrhizae); I: Cystidia-like hyphae (arrow); J: Laticifer (arrow); K, L: Rhizomorph

(arrow). Bars: 1, J=0.5mm; A-H, K, L=1mm. PT: Pinus tabuliformis; PM: Pinus massoniana; PY: Pinus yunnanensis.

lotti et al. 2012, 2016). FAFLEEZH IR R 3B AR
KT ml, sl s bk, Au Tkt 7
JET 3 AN, 43 Ve X AR ol s A
(R 20120, A THerdt . Aemg X ) 1 R A
(BREREF 2011) DAKALTT T A diidn (FRIRK
FfEAL 1995), SLIGARR] T e T R R 4 AR 1)
HExPFZHA . Gomes et al. (2016) [IWFIE
B FAFL%E o7 DL S ARG BB 2 Arbutus

1352 EFIR

unedo TERCBMR, HIEARAEF: R A KR I
THRAME . RERAREE FEE 1IN E 17
B, NfE EEIGERMEE Z Rt AR
55 IR FR T AR A BT 122 S [ Guerin-Laguette
etal. (2000) K7V LACHER], XMF T 5A
BTSRRI TR R, IR DRad 1 W L 3 55 4 A
BRI Rt F— RIS EZ MR
BN G, PR, B AR B F2 R B

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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L. vividus {KT163432.1)
L. vividus {KT163437.1)
rmsh-118 (HKAS 90069)
100 | rmsh-118/PY mycorrhiza

rmsh-118 mycelium
rll-107/PM mycorrhiza
rll-107 mycelium
rll-107 {HKAS_30708}
rcb-74/PT mycorrhiza

L. deliciosus (K)769672.1)

100 L. deliciosus (AF249283.1)
rcb-74 {HKAS_90711)
rck-74 mycelium
rch-74/PY mycorrhiza

L. rufus (LN714560.1)

0.01

5 LA Lactarius rufus 7390258, ETIHE TN, B2 S5ERHY ITS #9E A Neighbor-loining HE L

LR PY: =

PT: JHiIAA; PM:

Fig. 5 Neighbor-Joining phylogenetic analysis based on Lactarius fruiting bodies, mycelium and mycorrhizae, with Lactarius rufus

as outgroup. PT: Pinus tabuliformis; PM: Pinus massoniana; PY: Pinus yunnanensis.

* 3 ABHRLEFRFIIE GenBank FHIFFIS

Table 3 GenBank accession numbers of Lactarius mycelium and mycorrhiza

5 No. B 22 Mycelium AR Mycorrhiza
%5 No. wr-74 wr-107 wr-118 mwr-74 mwr-107 mwr-118
J#%"5 Accession No. KY661913 KY661923 KY661925 MG457173 MG457174 MG457175

Gk, R HARAE R AFF ALEREAT WD, L
g A e el 1 S N AR R A A

Bt Rt P EAFRLAHYAA T EaAE. 22 E
R AR LFRE AT,
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