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Abstract: Tuber is a type of fungus underground, formed by infecting suitable plant roots. And some species such as

T. melanosporum and T. indicum are rare and valuable for both medicine and food, and have high economic values. The
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over excavation of Tuber has caused a shortage of wild Tuber resources, and the artificial cultivation technology of Tuber
is an important foundation for the sustainable development of the Tuber industry. At present, the ascosporic suspension
made from the homogenate of the fruiting body, is mainly used in the artificial cultivation, which is symbiotic with the
roots of the planting seedlings. It is valuable for reducing the dependence on the fruiting body of Tuber and the production
cost, protecting the wild resources of Tuber under the forest and promoting the process of artificial propagation of Tuber,
to use the hyphae of Tuber instead of the spore suspension for inoculation, but it needs mature and efficient technology
for hyphae culture. Tuber samples in this study were taken from the forests of Yunnan, Shaanxi and other places. Then,
ITS sequence analysis was carried out to identify species and purify hyphaes. The most suitable hyphae growth medium
was selected by the L,(3*) orthogonal test (four factors with three levels) , using the hyphae diameter as an index. The
results were as follows; (1) The 13 Tuber samples identified by morphological and ITS molecular identification belonged
to T. indicum and T. pseudoexcavatum. (2) The optimum carbon source for T. indicum hyphae was potato extract, and
the optimum nitrogen source was yeast extract. However, VB1 had no significant promotion effect on the hyphae growth of
T. indicum. (3) The optimal combination of carbon, nitrogen and inorganic salts was potato extract 150 g « L', yeast
extract 3 g+ L', MgSO, 2 g - L', and KH,PO, 2 g - L. The diameter of hyphae can reach 49.44 mm, which is
cultured at 25 °C and natural pH for 8 d.

Key words: Tuber, ITS, hyphae, solid medium, optimization

HUTEE ( Tuber ) 2 ph - 498 PR S e AL A 114 4
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A. Fruiting body overall picture; B. Fruiting body cutaway picture.
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Fig. 1 Some truffle fruiting body pictures
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Table 1 ITS sequence alignment, genera and species identification

tEOE K BRI 1D E?i'fﬁﬁ Fisr ok

Sample  Host Length Maximum similar homology Species classification

(bp) sequence 1D (%)

1 7 BIMA Pinus yunnanensis 620 DQ375526.1 99 "FEBRE Tuber sinense
2 ZH P. yunnanensis 654 GU979039.1 99 R B T. pseudoexcavaium
3 LB P. massoniana 620 GU979080.1 99 ENEERTR T. indicum
4 ZEITA P. yunnanensis 620 DQ375526.1 99 HFEBRE T. sinense
5 M P. massoniana 620 GU979076.1 100 ENFEHLR T. indicum
6 £ K P. armandii 620 U89362.1 100 ENEEERTA T. indicum
7 XA Cyclobalanopsis glauca 620 GU979076.1 100 ENEEHLR T. indicum
8 £ 1L M Pinus armandii 620 U89362.1 100 ENBEETA T. indicum
9 WiA%: Quercus aliena 620 GU979080.1 100 ENEEIREE T. indicum
10 Iy EAHR Pinus massoniana 620 GU979076.1 99 ENEEHR T. indicum
11 H XA Cyclobalanopsis glauca 620 U89362.1 100 ENEEIR T. indicum
12 B C. glauca 628 GU979080.1 100 ENJEHLR T. indicum
13 Wi Bk Quercus aliena 620 GU979076.1 99 ENEESREE T. indicum

PEHUCH B SR 4140 DNA . R BB ITS 5418
FHS 1) ITS1(5'-TCCGTAGGTGAACCTGCGG-3") Fll
ITS4 ( 5'-TCCTCCGCTTATTGATATGC-3") Xf ¥¢ &
rDNA ITS 4 BEA7 973 . PCR 1K £ ; 2 X primestar
Mix = 7 H A 25 pL Bidk 2 pl. 5145 2 pL,
ddH,0 19 pL, P #2798 C A M 2 min, 35
AIEFR (98 C7AEME 30 5,55 CiH Kk 10 5,72 °C HEfH
10 s),72 CHAEM 2 min, 12 CIRAE, 1% g
I8 Je HL DRI 455 R/ R TmT i B A 2%ty

1.2.2.2 HM 5 1 840 g iy X5 50 Xt
Mr RHA T4 Quick Blunt i3] & (¥ MEHE 4= W BLB7

AR EH B WA 2R T4 2k b Bl R
TAY) TR M 55 A PR /1 . 4% Bl 1TS
JP 50 BLAST #2775 NCBI H 1) % 2 £ s 122 1k
A7 A LT, AR AU Lo X A5 4 5 i 19 2 % )7
G 5 BT A S A
1.2.3 % B/ Z X% IR . 70 0 LU 45 B 20
g LT 200 g - L7 EHE 20 g - L7 A 2EHE
20 g - L'VENBRIE . HABR S . A2 ¢ - L,
KH,PO,1 g - L' ,MgSO, 1 g-L",VB10.05¢g - L,
Bk 20 g - L',

RPN EAR2 g - L BERE
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M. Marker DL2000; 1-13. 13 EREFEM A PCR ¥ 74 ,
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M. Marker DL2000; 1-13. PCR amplification products of 13 truffle samples.

2 13 AHRp Rl Y 1TS 3748
Fig. 2 ITS amplification of 13 truffle samples
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13 W}HH] Culture time (7 d)

A4 FPRRIRIE SR BV R B 22 5 B 4 FPRRIF ISR D VR R 22 B AR, . 1E «=0.05 KT BEMER; #= f£ «=0.01 K
FAMEERR, TR,

A. Hyphae of Tuber indicum in four types of carbon media; B. Hyphal diameters of T. indicum in four types of carbon media. *. Significant

differences in @=0.05 level; #*. Extremely significant differences in «=0.01 level. The same below.

3 4 bl P 5 5k v B JRE B B R 22

Fig. 3 Hyphae of Tuber indicum in four types of carbon media
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Ammonium chloride Ammonium nitrate 0 T
BEFE W} ] Culture time (7 d)

AL S FEIR IS FRIL T ENEEBOA R 225 B. S P AR ISR EVERE W L 5,

A. Hyphae of Tuber indicum in five types of nitrogen media; B. Hyphal diameters of Tuber indicum in five types of nitrogen media.

Bl 4 5 Pl IR SR A v B R B TR 22
Fig. 4 Hyphae of Tuber indicum in five types of nitrogen media

KV B BEZT ATENBCREH B TEE B, WEERAE =R A AR &, 7E 85 3 B A
A RO E TR AR MBERER . EHLA 20, R VBL WA G LLIES IR,

P PR I BUR B T AL, 76 «=0.05 K 2.6 EXRBFEREEFE

FLREER, & LSRRV R 5 A VB PR 200 T A5 1 e AR A IR | e AR RUR, DA
AR WR R oEE R B > E A > RE S MET AR T35 MgSO, & KH, PO, #% L,(3%) 4
ki > A B, T, AR TS R B RE R AT 5 2 3R 3 KR IE ik 5, & v 4 b B B B B B

EAZ RS 2R AR IR (R 2) o T2 R B R/MUE
2.5 VB1 X} E IR B B 22 & KR #20 B PR AEA R K P I X T8 22 AR 52 e i B A R

BAFFZCIE B, VBT XAt g ik /0, P pas R Mok, W0 otk D 258 7 O [ KT X 14 22
o7 BRI S KA (E NS, EARRSE MR K (Gregory et al., 2013) , #fik I
2011 ; 2% (L A7 &5, 2011) o (H & 7E AL 56 LRSS RN B R B TR TR 22 A K EL AR Y ) B
VB X B A A KO E W PR B (B 5) . K MeSO,IRZ, I REREF, ) o8 KH,PO, .
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B35 0] Culture time (7 d)

A. ENFEBCAEXT BAAUR VB B3R LN IR 22 5 B. EPRE BRI AE 0 BRALAD VB1 B3 3 i 22 B A2
A. Hyphae of Tuber indicum in control group and VB1 medium; B. Hyphal diameters of Tuber indicum in control group and VB1 medium.

K5 2SS VB B AE it B R B iR T 22

Fig. 5 Hyphae of Tuber indicum in control group and VBl medium
2 L(3)EXRELER
Table 2 L,(3*) results of orthogonal test
[ 2% Factor
L;Wﬁéﬁ% R R JEREF MgSO, KH, PO, KL W
est code Potato extract Yeast extract 4 4 R
(g %) (g %) (g- L") (g- L") Hon:aonl.al ) Hyphal
(A) (B) (C) (D) combination diameter ( mm)
1 150 2 1 1 A,B,C,D, 48.75
2 150 2.5 1.5 1.5 A, B,C,D, 47.81
3 150 3 2 A,B,C,D, 49.44
4 200 2 1.5 A,B,C,D, 46.37
5 200 2.5 2 1 A,B,C,D, 46.94
6 200 3 1 1.5 A,B,C,D, 47.00
7 250 2 2 1.5 A,B,C;D, 47.25
8 250 2.5 1 2 A;B,C,D, 46.69
9 250 3 1.5 A;B,C,D, 46.62
k1 48.67 47.46 47.48 47.44
k2 46.77 47.15 46.93 47.35
k3 46.85 47.69 47.88 47.50
2% Range (R) 1.90 0.54 0.94 0.15

k AEARK Al — B AR ACE A B 22 BAR R, . REEZF R & O AR A & 52, AN T8 3 8

kBB R AR KT W T 22 B AR A BT 1Y A2
HEVE T (BRSCHR 45,2005 ) , BRI, A BF 53 v 11 B
P A 2 A K B R R & A BC,D; B
BRI 150 ¢ - L' BEREE 3 ¢ - L' MgSO, 2
g+ L' KH,PO,2 gL',

3 w54k

e B IR e 4= 5 DR BT PR SR A M

Ry Hb SR e A (SR A, 2014) o BB TR 22 %
FbF SRS SR A0 T B IR, B 5 kAR B IR AE
AEALRR B R AR AR A A . A WIS AR AR T ER
P T 22 B3 B BR AR R A R A RN T
EREEHe R i N TR & oF A2 L RE 02 F bR T Bl g
TRAR (B IR AR

T8 228508 1 R Bk 5 07 3 oy, R AR TR 22 O
e Bl TR LA K A 2R AT (IR SCaR 55, 2002 ; 3% it Al
85,2007 ; ff W EE 45 ,2009) 5 % 4 2 2 B T
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KA )P ES TH DE 93 S i — e DAL 1 5 R 5 rh AR K e
(T8 345 2003) o ASHFGY ) B BE B i 15 35 3
{18 B 305 B TR Sy 4% SR M VA, T R O B BB B
L8 U M U R PR A VE R . D AN
Wi, DB 2R E R R W2 A HE
YLLKy B A i on R (B B A ,2009; T
ZILEE,2013), HAFEEMEFRMME, APLeiE %
(2019) 7 I B B b 748 % P4 200 81 %) BE % &5 A T 52
O RIILA Y A T w BEIR S B AR, B 4
J& 40 B, A AR TE B T BURT BT RN T T
Pl G S R B 99.7% 2 AR S . Hp
R T A 1 2 b 2, AR B 1) 00 [ 40 B
AR A, 22 Bl i T A G AR 2k B W A R T ED
TR 1 TR 22 2 KR 2R I 1L ( Streiblova et al.
2012) . EhERSEAE N EIEE B TR 1) Bl R, T AR
TR S R A S SR AR W I PR 5, LA
B ) S S5 A oG R AN T BB 9 A A R
A A AT T B, DA I AR B e B 2 1 2k
K, HUB R 2 HGE B R MR R 3L AR B
B, B ZEE R AR SR KPR A S
BB A TR AR R 0 AL 4, T AR 2 B B PR 22
10 HE K 33 I s At 120 T DA 0 A AR 25 vh 43 s T
P TR B 22 AR K B B, AR AR DL 1 TAE
T AT SE IR ER R R IE

AWFSE 45 SR W], VBT X B e B A9 B 22 4F
KIETEAR BV, AR, VBT X 3t 26 £ F B 1 4 4
P22 T 2 A K A AR AR (/N
24,2011 o I ATy 88 ,2011) . H AT BB 1 JG A
MR FE 5 B 2 AR 2R B L T HLEE A O T i 2 B R
WKW 5 ERYAR R 304 Z R0 40 5 i
PSR A 2SS W (R AR B L TE T VBT 1 4 4 1
i AHELR A ML S5 T it — 25T

LEAARHIEIE 45 R, B Jn A5 B B B B AR AL B

FhE SR 5B A R R 150 ¢ - L BEREE
3g-L"' MgSO,2 ¢+ L' KH,PO,2 g L", 7£ 25
CTFHFE 8 d Ja vl 22 H A% 1K 49.44 mm, A<
GE R B H TR F T B8 22 A0 7 R S A 1
WAHERD T 1 AR &R 7 7 SRR T WY A
A il DR SR ST S A B TR Y e AR AR
B R 7 S AR S J A v oA B S G A AR R
SEI) A, [ n el K 00 Ak AR 5 35 2 R Y
BB BT T 2232 T I 2209 N T4 R SR 35 10 W
E—2B 5T

SE .
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