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Abstract: [Objective] In order to establish an efficient cross breeding method assisted by molecular
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markers of Volvariella volvacea and apply it to monospore cross breeding for the cold-tolerant and
high-yield Volvariella volvacea strain. [Methods] In this study, the high-yield strain Pingyou No. 1
tested by cultivation experiment and the cold-tolerant strain VH3 were chosen as crossing parent
strains. Then used the molecular marker of mating-type genes in Volvariella volvacea to verify
mating-type of Volvariella volvacea monospore strain and completed the cross breeding. At last part of
the cold-intolerant hybrids were eliminated before cultivation experiment using techniques of fast
screening of the cold-tolerant Volvariella volvacea strain and identification of the hybrid strains.
[Results] The result of cultivation experiment showed that the strain Pingyou No. 1 got the highest
biological efficiency, which would be chosen as the high-yield parent strain. The 172 cold-tolerant
hybrid strains were screened out from the original 496 possible hybrid strains so that the workload of
cultivation experiment in the late would get a 65% reduction. The result of hybrid strains cultivation
experiment showed that VV093 got higher biological efficiency than Pingyou No. 1 or VH3 at 28 °C.
[Conclusion] Establishment of an efficient cross breeding method assisted by molecular markers of
\olvariella volvacea included selection of parental strains, identification of monospore strains’
mating-type genes, monospore cross breeding, screening and identification of possible hybrid strains,
and it was applied to monospore cross breeding for the cold-tolerant and high-yield Volvariella
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volvacea strain successfully.
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Table 1 Primers used for amplification of A loci in parent strains of \Volvariella volvacea

5145 51¥1F51

Bk EE SCBETIAEE N

Primers Sequences (5'—3") Tm (°C) Mating-type gene
AlF GCTGGTTTGATGTAAGCAGAGGG
AlIR GTGTTGGAAAGACGCTCTGCTGT > A
A2F GGCTTTGAATGGCAATCGCTCCT
A2R CGTGAAAGGCGTCCAGTTTATGC o0 2
A3F AGGGCATTCCAACCTATTCGCTTTC
A3R AATGTGAACAGTTTGAGCGGAGT o A
A4F GTGGTTGGGATGGAAGGTTGTGA
A4R CTGTGAGGGTTTGTGGTGGGATA > A
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Table 2 Biological efficiency of different \olvariella volvacea strains

AR
TR Biological efficiency (%)
Strains AT 1 AT 2 P47 3 SEHIH
Repetition 1 Repetition 2 Repetition 3 Average
B4 1 5 Pingyou No. 1 13.80 22.37 29.02 21.73+4.41 a
3560 2.99 1.95 0.92 1.95+0.60 f
427-434 3.62 4.62 11.64 6.63+2.52 ef
Z-V23 13.37 17.34 17.26 15.99£1.31 abe
A8 11.45 15.53 14.32 13.77+1.21 bed
Z=[% No. 1 Thailand No. 1 6.81 12.98 13.36 11.0542.12 cde
Vbl 17.22 12.10 14.86 14.72+1.48 bed
Bk E 4 4 = Silian No. 4 7.10 5.65 8.37 7.04£0.79 ef
0229 17.58 21.49 16.68 18.58+1.48 ab
Z-VH3 9.83 5.77 10.95 8.85+1.57 de
VH3 542 14.63 13.92 11.3242.96 cde
#6 31 Tuo 31 6.52 8.77 11.43 8.91+1.42 de
K+ 34 Dagutuo 34 8.84 9.23 7.98 8.68+0.37 de
WG 9.87 11.61 10.02 10.50+0.56 cde
V23 13.70 10.44 14.04 12.73£1.15 bede
Vn-1 20.13 14.92 14.03 16.36+1.90 abc
Vn-3 16.95 9.43 15.75 14.04+2.33 bed

T AN FEEFIR P=0.05 KT |25 3.

Note: Different lower case letters indicate significant differences at P=0.05 level.
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Figure 1 Specific DNA bands of four kinds of Volvariella
volvacea mating-type genes

e S AL-AL A RIRE 4 FORIRI RS IC R B R 410 B B
Note: Bands Al1-A4 represent four kinds of mating-type genes
amplified fragment.
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IR R 3R ) PDA I |, 32 °C FEIRRE SR,
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I Zesi i, AT RIS 17941,
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T2t R BRI 22383 B i 43 3 B
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HAIREMI 2 MRS VH3 WAk —RiCE T
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Figure 2 Mating-type genes identification in monospore strains of Volvariella volvacea
T = BIPEXTRE A R0 B 1-10 205 BRI 15 I AL R pl-p105 C FID H 1-10 535128 VH3 B HALE R vi-v10.
Note: —: Negative control. 1-10 of A and B represent monospore strains pl—p10 of Pingyou No. 1. 1-10 of C and D represent monospore
strains vl—v10 of VH3.
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B3 EHFEARARERRIRFE

Figure 3 Low temperature screening for possible hybrid
strains of Volvariella volvacea

TE: IR B g R I R bR VH3.

Note: The cold-tolerant strain VH3 as the control strain.
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RRCHEE R Fhrid, FIWEH Ry B 45E 5 T
pvl Hl pvS FAGI R — SR S s B R BE R 43 T
PRicscrr, HIWIHChAEZR AT
2.5 X FHIEBHTERE

TEHUY 16 A48T R iAok 2k
Wk 3 fim . B B E] | SRR ) A A 4
B A, HA 222387 VV093 1A Wi ib % i
. R EH 37.47%, S5Bk VV052 (WAL ER
31.51%) 2 &b iy At B Pk (£ 45 2% A B bR ) B
P=0.05 /K- 1B E 22 5 o ARSI s ] AR
W HsF ] 7 1, VV093 Il VV052 Y4k T S A BRI 1
SR SR R R A R AR . B S RsEA
BIMAIZEEF VV093 ., VVO51 [ S2ikBE F . T
FEABHIL 1 515 0 iR Bl 30-32 °CL 7E 28 °C
AR H R B A T, e I L 73k
Zy M BEIE (B 5A), A VH3 WLEA B0 4%
R, 2258 F VV093 [ 4K T 3RABE 1 5324k
ASLRAT VH3 g BRI R MR . 2458+ VVO51
JEEE HH B () R RSB [B] BE 230 F VH3, I FLRE
BRI AT SR SR KL 15 F1 VV093;
AR 3 F7R, VVOST BRI AL AR R 22 48
K, BEBHIPA TR AR P bk shok .

M - 1 2 3 4 5 6 7 8

4 EANEHREIMEE
Figure 4 Identification of true hybrid strains of Volvariella volvacea with A1 and A3 mating-type genes
e = BIVEXTIR; 1-8 235 W] REZR SR Bk pv1—pv8.
Note: —: Negative control; 1—8 represent possible hybrid strains pv1—pv8.
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Table 3 Time of primordia initiation, time of first harvest and biological efficiency of different Volvariella volvacea
hybrid strains

[ AEBLRIHER DB S B 1] SRS R] AR

Strains Mating-type gene Time of primordia initiation (d) Time of first harvest (d) Biological efficiency (%)
ﬁﬁ;ylio' . A1A2 5 8 24.05+3.43 be
VH3 A3A4 10 12 15.58+2.54 cdef
VVo001 A2A3 12 14 13.35+0.63 defg
VV002 A2A3 11 12 12.26+1.73 defg
VV003 A2A3 12 13 11.55+1.61 efg
VV006 A2A3 10 12 11.07+0.54 efg
VVo018 AlA4 11 13 12.75+1.85 defg
VV038 Al1A3 12 13 427+1.95 ¢
VV041 Al1A3 9 11 17.67+0.79 cde
VV043 Al1A3 9 11 9.16+1.89 efg
VV049 A2A4 11 12 6.17x1.91 fg
VV050 A2A4 11 12 16.06+4.51 cdef
VV051 A2A4 11 13 22.20+9.74 bed
VV052 A2A4 5 9 31.51£2.65 ab
VV062 A2A4 9 12 10.21£0.55 efg
VV063 A2A4 8 12 8.81+1.88 efg
VV093 AlA4 5 8 37.4742.51 a
V097 AlA4 11 13 14.6340.43 cdefg

¥ AR/NGFEFEIR P=0.05 KV FEFBE.

Note: Different lower case letters indicate significant differences at P=0.05 level.

El5 EWHFAERKIBOAZRERTEERA

Figure 5 Fruiting bodies of parent and several hybrid strains of Volvariella volvacea
FE: A-D: B 15, VH3, VV093, VV051 F:fk,

Note: A—D: Fruiting bodies of Pingyou No. 1, VH3, VV(093 and VV051.
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REfE NG YIL . LU | Ty a5 N ik
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AR Ul AN g NG 1) R Rl | AT P S
H I 4 2258 5 R EIBESE TAE AL THRR T B,
TR CHURIR G IS, 28 B R BOXE ST T3k
1R ES A RN A e TREHAR . BRI LE W

6 VV093 FRFRAZESLMEE

Figure 6 Identification of true hybrid strains of VV(93
fruiting body

e — BRI 10 2 FoRMAPAT.

Note: —: Negative control; 1 and 2 represent repetitions.
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