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Abstract: [ Objective ] At present, the main issues that restricting the development of Morchella industry
in Jiangxi Province are low yield, difficulty in replicating high yields, and limited availability of high—quality
strains, and the key to addressing these challenges lies in the improvement of strains.The purpose of this study
is to breed a new strain of Morchella with high yield , which is suitable for local cultivation in Jiangxi. [ Method |
According to the theory of interaction between heredity and environment, targeted selection was made of the
wild yellow Morchella strain JFRLO1-161 collected locally in Jiangxi, along with the commercially cultivated
Morchella itmportuna strain JFRLO1-107 and Morchella sextelata strain JFRLO1-217 from Yingtan region of
Jiangxi Province, which were used as original strains, and protoplasts were prepared by dissolving the cell wall
with a complex enzyme composed of 20 g/I. lywallzyme and 10 g/l snail enzyme, and then two kinds of
inactivated protoplasts were obtained by high temperature and ultraviolet double inactivation. The obtained
fusants were tested by antagonism, cultivar ratio and Inter—Simple Sequence Repeat to determine the
provenance relationship. [ Result ] Sixteen fusion strains were obtained by protoplast fusion, namely A11, A37,
A39,B7,B12,B17, B18, B25, B26, B29, C1, C2,C5, C6, C11 and C12. Among them, strains A11, A37, A39
and B18 successfully fruited and produced yields, the yield of the fusion strain A11 reached 351.90 g/m*,which
was significantly higher than that of the parent JFRLO1-107 (264.51 g/m*).The annual repeated cultivation
verification test confirmed that the yield of A11 could reach 527.8 g/m’, and that of the parent JFRLO1-107 was
262.4 g/m*.The phylogenetic tree (UPGMA ) of unweighted arithmetic mean clustering system showed that A11
was in different branches from its parents JFRLO1-161 (similarity coefficient 0.24)and JFRLO1-107 (similarity
coefficient level 0.696) , which proved that A1l was a new strain different from its parents. [ Conclusion ] The
yield of fused strain A11 was significantly higher than that of its parents. Repeated cultivation experiments
confirmed that its germplasm was stable, and ISSR confirmed that it was different from its parents. Therefore,
fused strain A11 can be used as a new strain of high—yield Morchella adapted to local cultivation in Jiangxi.

Keywords: Morchella; new strain of Morchella esculenta with high yield A11; UV and heat double

inactivation ; protoplast fusion ; marker analysis of interval simple repeat sequence

(5% 2 L] T8 (Morchella spp.) EAT PR T RG SR AU Bl ARE 4k A= R NS IR & o =6 B e,
TS B R 1) & i R AYFE 15.12%~20.74%" , B M E RS 2 AN & Z —, LiSE B F
T (M. importuna) TS5 Hp 43 B 45 21— FloHLZ2 08 | X E 28 #h 2R AT A RO, AN E L iR B
LR TERSY , BRI R A Y PUR M ER A4 E 2 DS SRR B UM B R PR
BEAETIRET . AR, o A T R RS, AR I AR W 4B SR BEAE /N AR RS L E
WCARAME AR AR F AT, “E TR P SRR G AN 2 PR 3R — B S AR AE R [l DGR T = 10 R 3%
TRl AT R DI S TR LU T PH T 28 5 2 TR R R AR A0 % TR, 4326 A7 A il 7™ TR A%
AEFI ARG PR P i 1 e RUARTEH2E , P2 L A A KB 4 31 25 5 148 32 A e ek s L A B i 2
WiZE 0T, REW R T, PR P15 2 & vl AR 0% i Y 28 5 =A™ B i o [ AT 58 2
J& 1ia A2 Ik T B 7 Ry 2 32 B 3 o o AR R A N TR WA T AR A B A R . $H B R T AR R
B Y AR A0 B S L 20 AR AT F AR SR AR R RN AEAEBUIREE S . Eyini U T, P 3Ek
A2 578 70 5 SRR S 578 AR AR 0 U 37 B B R 2 e e A AN R R |, WO T AN
TAAET A I, T RlA AR B S R Rl ™4 Hh 2 0 sl A FH A (] A K37 1Y) 45 TR K
FRIE AL AR 1A% T e IR B ik i R AP AR IR, Kim 889 2 BH S A ARl 45 7T AT 24
b o Al E LR ST S T I 1) R N R AR B A D AR AR A T DA SRR O R R R (R T
JEERA AT LA R ZFE(PEG) S AE S . R T IRRL & & R e 7 5 b o v 2 T £ 41, e+
e P AT HGE", He S8R JRUAE R RLA B SEBL T 2 A-H 8 BRIV AR 2 I B -5 7S Ik = i 187 7 o ]
Fe28 A RARME, R 61.13 g/m’,
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MR 10 S0 6 2 T4, ELREL T 52 PO (LY R R o AR (5 AR B I A8 9 AT
G A 1 B A €0 2 AR R Ml AR B FH OB AR 3 B S P R A DA sl A e, SR T D A B A il 75
HAR PEG #1715 S5 & Hr bk , iz H X 8] i 22 55 &2 5 91 B ic (inter—simple sequence repeat, ISSR) #4774
SEM [ADLA TR SC B R ) 3RAT- 5 SR A FLA 3845 2 5, B3 IV VL PG 48 S B4y A fk DX A 8 R B - T AR
7R 7 B R T R 2 TR R
1 #HR5FE
1.1 &M
L1 Ak

Tl AR B BB S B JFRLO1-107 N IR R B JFRLO1-217 RV P4 JB ¥R R 4 5 73 15 4 2 1y P A2
B JFRLO1-161, BRP O80T R0V 3 YR & 48 -5 R VLS 4 R e g %
1.1.2 EZX7

e N R 1,
F1 AFF X
Tab.1 Reagents and manufacturers
77 Reagent ]~ % Factory 77 Reagent I~ Factory
Vi RERG JAREEE YR R F Wi — S VAP B A R A H)
U5 2 it R Z R EREA R AT B  — A0 FaBe A= B A FR A 7
Gkl PR e A IR A 7 g R Z R ER A RA T
HEA M R ZERERHARA & L 6000 PR e A R A )
MR by R ERERH AR A AALES VAP B A R A H)
T MR e PO B Rk B A PR A 7 HERm FBe A= B A R 7
1.1.3 =203
S AL AR 2,
®2 MR
Tab.2 Instrument and manufacturers
{345 Instrument J” % Factory
TR KRB SR B 25 A7 B )
ETR ¢ JERERR At
BLOAL 5 [ ZE R BE T AL AR A IR H)
K it AL AR A PR A
AL HE A R T A RS e A R A W
i TAES VLI IR A R A T
SR R RO A R AT

1.1.4 X5 B

0.6 mol/L H & 1 e il : FRHL 10.93 ¢ H ZF B, % T 100 mL 7818 /K 520 o/L B BERG 5 10 of/L 3 24 iff
A BE R« 23 HIFREL 0.10 g %5 BERE A1 0.05 ¢ W3 4= B, 1% T 5 mL 0.6 mol/L H ZE AT, £20.22 wm JEAR IS U8 B
T, BB ; PEG-CaCl W : 6.0 g B2 — 6 000,0.14 g Jo/K A4S , 1 1 0.6 mol/L H % B i A
fifi FH Tris—HCL Y5 pH 2 7.5"IF 45 %2 25 mL.
1.1.5 35k

PDA B350k : 200 g (&) , A B 20 o, il 20 g, Z8187K 1 000 mL, pH F 48 s #& K RHEC 0 -
INAZ G H675% , KRB 23% , A1 R S5 AT 1% B IR TR - /INAZ 60% , B 38% , A1 IR AT 1%
WRBE R IL M HE 20 g, BE IR o, WERET 1 g BRIREE 0.5 ¢, IR — AU 0.46 ¢, BEIR A —Hf 1 o, 2818k
1 000 mL; FfA= 55 75 58 ARG SR I BAE 12 o/L, IAH B8 B, 29K B 1 0.6 mol/L; X HR 8% 77 58 - WA 1%
FRILNNBG 12 /L, NI H
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1.2 Fik
121 FARAMGELESR

9 5 1Y PDA - # b 42 Fh oS Ik 3 i B JFRLO1-217 86 8 °F JiE B8 JFRLO1-107 F15f 2F 8% €0 3 it
JFRLO1-161 Y 7 mm FLARAY B, B T 24 "C R RiF% 4~5 d, 08 22 A5 5 A, IR0 s i 2 4R KOl R 77
RaE = VNGRS
1.2.2  RAEJTRGH &

250 mLAEFESH I 100 mL A 723 121 “CKHH 30 min, R EGFHEA 6 HLIG LI 7 mm 2 i B
P22 B IR, 24 "CRPE R IR 3 d, BT L BREERh b, 30 F i 22, e fd IS B /KT8 U6 3 ¥k, Fid 1 0.6 mol/L
R BEE W Uk 3 UK, FH G B 8 4RI TR A, 4% PR 24 i - [V =200 mg: 1 mL 9 H A ERCER 22 , WS
20 o/ L V5 BERitF+10 o/ L 1 2 il 28 1550 10 5245 T At 200 0 B o) BB A T AR o 40 S0 1 22 vl 5 - o A, %
BB ENE T30 CRM I, TR 10 min BRREEE S B 3 h, R SUZ AR Tk U8 B 25 TR 2208
AL U4 3 000 r/min 5.0 10 min, 25 I, 0.6 mol/L H #E BV M d-f 72 0% , 42 2 W%, BUR IR IR e 2=
PR AT B A AR . i 40 B3 BORR A 7 D A B AR T i S R D AR AR R R TR A T A R R
FOGE BRIG SR AL 34T, 24 CRDEIG R .

P SRR =] (PR TR VR B0 R TRV 850 /A oA B 880 100% (1)
1.2.3  RAFRHRR R EZALA

S3 BRI SR A6 mT i DNA 5 25 5 T8 i TT - JRARBOMMEIR o #4  n] o8 8 3 5 ke A AR PR 17 41
WIFET , X B AR AR AT K GG S AN KT W 600 L B AR AR I T /N B R Lk, T4 4T JF
30 min 2 A2 P A S AMT T B, JEA 25 7F b D% 30 w, BE S 30 em, Ab BRI [R] SR 30, 60,90, 120, 150,
180 so FRKIE : 1.5 mL B0 A 600 L JF A Jit R B, FE At 254 50 °C, Ab BR8] 24 30,60, 90,
120,150, 180 so AN K 14 JRL AR A AR S % B, W 200 L Ji AR o (A B P AR B 3R 3 vh vk A L 1
AT E 3 ERE . T 24 CNEDEH IR W HA HR S .

FHCAR=[1-CRTE 5 F4 7 8000 R A= TR 7 280 1% 100% (2)
1.2.4  RAFHRwRE

i FH G S EAL IR B 25 PR EA T D0 | AN ) B R (4 S [R) I3 7 23R AT 03 43 I3 S A S (A4 B 10 1
FEBR A, SR A A3 3, B0 55154 3 000 t/min, 5 min, 25 15, 4 SR B E 1T 30 “CHRER Y
PEG-CaCL S M1 B3 O BEGRAS I B 48 SR TR A) , 37 BIVE T 30 “CRY /K 5 20 min, BlG 52 45
J7 .2 000 r/min B5.0> 10 min, 8355 [, 4RE208 1 0.6 mol/L HEEEEIFYE2 Y. L 200 wL 44 T HiAE 15 37
B E T 24 CR RO SR BIER

3 BRESFFREERGRESRX

Tab.3 Various methods of inactivating parental protoplasts for fusion

Frid Ry FEAKE T3
Mark Combination Parental inactivation mode
AR HAE1 AN R IE JFRLO1- 1073 K 3% JFRLO1-161
HE2 PR IE JFRLO1-107x 4540 K % JFRLO1-161
B 7% HE3 AN I JFRLO1-217x 3K % JFRLO1-107
HE4 PR E JFRLO1-217x 484K 1 JFRLO1-107
C#%) HES EHNR I JFRLO1-217x3 K i JFRLO1-161
HE6 K IE IFRLO1-217x 44K 3% JFRLO1-161

1.2.5 RAERERESARGEL

AURF BT RRAD 0 - PRIBCPTAE 30 R b A A T v, 7E PDA _E UL T 22 RBR VA1 O, B 5B KB
ZE B BRI , 45 AR A DU B A RAR PR AF 35 5 A FIHULR & TR BR A5 DTN : 7 PDA S B LR 2 AS TR Ak
U IS TR 22 B Rl , PO A 3~4 cm, 24 "CIEFR, 5 d e T SR A 5 UL, 1 5 2R AR BB 15 9L
2R B AR AR B, LT REJE AT AR G bR . EAT RIS TR AR RO AR LU - A 7 mm FT AL AR AE RS BRRRAY
AR EATAL, AT PDA AR BT 24 (OB SR i A KA B
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12,6 HHHEIZ L

WAAREI - 4% 113 TR A 37 By e il 15 # 56 L 121 CK T 30 min, R HUSHEA 347 mm HAR
(AR TRTAR R AR BRI R, 21 °C, 180 v/min 3555 7 d 5 , ARTSIAR R 5 | A8 AR S - $ie RO R4S BC Oy
PEATHIAS /NSRRI T s, TSR R] 375 o, R KR HUS 2 AR T F , B 4S5 4 20 d, #2348
BF, 326 Ff VL VG 48 SR T 04 P A 2 T DA R AR O AT AR S Tl vy, A TR AR R ARG B T S 3 4 1 1 m?
o AN 3 R E T SR T AL PR B PR AR . T~15 d B 22K T, R TS A AP E R
48, BRI 448, FEA% 400 g, e sk 615 B o RIS 2021 48 11 H %2022 43 A S UEi g5 B [a]
2022411 7 22023 453 1, M i VT P8 ARl RS A 25 e 52 363l 46 PR KR L, LAt ] L
1.2.7  FARFeih b BT 5K DNA 69 ISSR 547

DX [ & B 7 52 7 B AR i 4 (ISSR) PV B S B S A 1) TR R EAT /0T . DNA $2ICR FH B by ik
20 IR ) DNA 32 U & 2E AT 26 T 3L PR 20 DNA A 3R B0, 35 B0 5 7™ s e It 39 0 fd a9 3 ok
15, BEEUSE LAY DNA JEF7 HL PR B, B PR BE IR 3 6 FH . 519 R PCR 4545 BRI &A™, 51 ) WL 3
4, PCR 14 2 FIFL T WA 0, PCRAK £ K : 2XTag Master Mix 12.5 pL,ddH,0 5L, 514 1.5 pL, DNA #i4R
1 wL, PCRAXIHAT AR 1 : 94 “CHIAEME S min, 94 “CAEME 45 5,53 CE M 455,72 CHEM 60 s, 35 MEIF;
72 CHIFEAH 7 min, 4 CEEAE , LK S50 9 BUS WL PCR =4 55 A TS0 45 19 1.5% (B IR B EE I L 78 1%
TAE 25 0P rh, LIS Viem B HL R FEAT HL K, 24 B0 28 3/4 A0 458 11 Fe Ok , & T BRI A% 2R 48 h b AT 1 d% , O
RO SR . MRPE AR RS bR 5540 IR R AR A AR IE N 17, TR ARA L R 07, i Fi R 1Y 45
M, E Excel A% o8 ST BUEJE I K B8 50 K5 4 A POPGEN v1.32 BEAT 84 ZREME 30T o P08 F S0
Ntsys v2.1e FEAT AR IAUEECE ) 5 25 (unweighted pair—group mean average , UPGMA )™ 527047,

R4 HRATAISSR|H
Tab.4 ISSR primer used in study

5% Primer 1951 (5'-3") Primer sequence (5'-3") 519 Primer  51¥FF51(5'-3") Primer sequence (5'-3")
R1 AGAGAGAGAGAGAGAGC R7 TGTGTGTGTGTGTGTGC
R2 AGAGAGAGAGAGAGAGG RS TGTGTGTGTGTGTGTGG
R3 CACACACACACACACAG R9 GAGAGAGAGAGAGAGAYC
R4 ACACACACACACACACT R10 GAGAGAGAGAGAGAGAYG
R5 ACACACACACACACACC R11 CACACACACACACACARC
R6 ACACACACACACACACG R12 CACACACACACACACARG

2 HERMOH
2.1 FEXAEFHREKBERMZAEER
3R EA TR B R AT, AT AR B b E I B T R JFRLO1-107 FRL JFRL PR JRRL | sercovist
FIVEF A 3 (0 2 I 1 JFRLOT-161 22 7= A KR AL, B 22500 /0>, I M
AR SR BB RR JFRL-217 MR P, B 22085, 3 bRk
A R R AR F PR, JFRLOT-107 A1 JFRLO1-161 A= 4 3 2R 43 1] ik 5]
12.16 mm/d 1 12.84 mm/d, 1} JFRLO1-217 4E K 3 i o | ik 5
16.67 mm/d ; BRAR 3 BC 7Y « B R SE FL 0 L Pk L DL I 1, m AR SR T
FEJFRLO1-107 A1 JFRLO1-217 ¥4 2 Fh 22 B 80, MAT1-1-1 22 it 41
P HER/INKRZY 700 bp, MAT1-2-1 3B 15 71K 245 400~500 bp,
HA 5L o ARG B AR B 5 F T8 JFRLO1-161 L H A7 2 Fh 28
BCAY , MAT1-1-1 32 BC B 14 K/NK 29 700 bp, MAT1-2-1 52 it BY
PG P2 ) K 24 800~900 bp , (H & MAT1-1-1 22 Fit 84 Fif 6 107 1) £ 47

AROEEE B 8 (IR

BRSSO, B MATI-1-1 B8 5 R0 TR B LR o Bk morelsB. Yellon morel
BRI L LA 7 R B 5 T 7 R b A S T SRR R B bR AR

BB Fig.1 ~ Strain mating type
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22 FHERAREHNERBEER
3ANEE BRI A 0 S A A RN AR ARSI B 2 FN36 5, 3B RR P, R JFRLO1-217 il 45 1Y J AR
AR R B £, 15 3] 7.7x10° A /mL, B R JFRLO1-107 A1 JFRLO1-161 19 il 25175 ML 48 22, T 0 2 it
JFRLO1-161 14 2.9x10° 4> /mL, Fa il /b, 3 A4 TR A PR 1 0 UL 3% 5, R Jist A I AR il 4 45 22 0 — A 9 31
ft, JFRLO1-217 f4: Fhx 5, 155 0.093%, JFRLO1-161 £ A%, A 0.024%
F5 3N EHREEREHERBERR

Tab.5 Regeneration of protoplasts of three strains

TR Bacterial strain JEAE AR/ (4> - mL™") Number of protoplasts AR /% Regeneration rate
JFRLO1-107 3.5x10° 0.049
JFRLO1-161 2.9x10° 0.024
JFRLO1-217 7.7x10° 0.093

23 WiEKGMRK

OGS 30 w, 30 em FIFRINE 50 CHE A HERI AT, AN AL BRI ) 45 2R W& 6, ZEAMIKIG I, He T3k
FEAR JFRLO1-107 A1 JFRLO1-217 43l BE# 120 s Fl 150 s, JERLO1-161 345 90 s /F A 24 s #OK TG I
JFRLO1-217 Hi M5 , 1% F 180 s, JFRLO1-107 A1 JFRLO1-161 HL 5055 , 43335688 150 s A1 120 s 7E R K
T A

®6 RERGBHIEE
Tab.6 Protoplast lethality

8] /s AN K% Uliraviolet inactivation PTG Thermal inactivation
Time JFRLO1-107 JFRLO1-161 JFRLO1-217 JFRLO1-107 JFRLO1-161 JFRLO1-217
30 30.61% 54.17% 14.89% 38.78% 41.67% 20.21%
60 55.10% 79.17% 47.87% 61.22% 70.83% 40.43%
90 81.63% 100% 72.34% 81.63% 91.67% 61.70%
120 100% 100% 92.55% 95.92% 100% 84.04%
150 100% 100% 100% 100% 100% 98.94%
180 100% 100% 100% 100% 100% 100%
24 FEEREMARFEKRERE
2.4.1 A1

ERAE B 5 0 T PRl & B AR Y TR, LR TR 22 A s, KR TR . S Wi, SRR
k164>, Bl A11,A37 .A39 . B7.B12.B17.B18 . B25.B26.B29 .C1.C2.C5.C6.C11 A1 C12, il id F54056
KL FEPUAR s, FoP R A11.B7 . B17 .C1.C2 F1 C5 FE BT XS T HoAth e A . (&1 2) .

242 BAEWARMELKZILEK

FHLL T AN E 22 A KB, A A REEA PR (R AR AN ARKEERT 21
FATER , A39 M H48 ;B AR5, B12.B17 .B18 . B26 \B29 1 224 (K AR TR T 2 4~ S AR B bk, B7 Al B25,
PFEA JFRLO1-107, 18 T 264X JFRLO1-217; C ZR 51 H1, 6 4> T8 Wk B 22 A 4 3 B AR AR T sl Bl T 25 A
JFRLO1-217 P F3EA JFRLO1-161, BeB JFRLO1-217 3G P , 8 o5 4 = SR
2.5 FEEmit

AR G RA B 4RO P R G S SR 2022453 H 12 B, R3] 92 d, WA R £ 4 i fE
KAl B WA 8, 5 S E R SR R R AR B . JEAS JFRLO1-107 AT A R4 AE a4 %, A1 T
PR 4145 B0 T2 A JFRLO1-107 , H2 77 f i TR A, A37 Rl A39 AN & Ayt i S 7= it 34 /0 T o AR
JFRLO1-107, B R A C RH|H, 4l #5505 3L A JFRLO1-217 MH L, 22 A 2 AR K, i a5 ik
JFRLO1-161 B 2278 +- 3 AE K B 22 /D AN S5 , fe R W IRE A 2l 2 (4 72 4 o 4% TRk G HE 25 155 10 DL
K3, A R4 K BRSEA JFRLO1-107 #1180, B . C R F R 2R AS JFRLO1-217 A= K AF DL AR L, v il 7 PR ik
AL 5 LR AR 15 o SRS TR RIS TR AR FE 53188 17 04 PO R MR 2% Bl A8 38 355 17 00 S AS -, A bk
B DVRIREE A LB oAb A s | 255 Bl PR Ry 38, U BRR A39 74 T LA/ N .
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(v ( , QicsP

P gL/ S TR
Fig.2  Antagonistic map of fusion strains

KT BMEEMRELERER

Tab.7 Mycelial growth rate of fusion strains

173 W22 A K E R/ (mm-d™) 73 W22 AEKHE A/ (mm-d™)
Bacterial strain Growth rate of hyphae Bacterial strain Growth rate of hyphae
All 15.41+0.37 B26 17.76+0.37
A37 12.29+0.04 B29 18.07+0.16
A39 11.69+0.38 Cl 17.14+00.21
B7 16.29+0.32 C2 16.76+0.19
B12 18.14+0.02 C5 17.34+0.02
B17 17.15+0.18 Co6 14.67+0.38
B18 19.23+0.22 C11 16.74+0.44

B25 15.10+0.13 C12 16.73+0.21
JFRLO1-107 12.16+ 0.41 JFRLO1-217 16.67+0.39
JFRLO1-161 12.84+0.16

2.6 FEESHIEWIEKE

22202147 11 ARl g4 R R W, AL 78 i B HOEAR JFRLO1-107 488 T 29 34%. 20234511 A
AL 52EA JFRLO1-107 #4718 R IE S0 52 55, i 40 b Ry 4 PRIZK AR L, 67 T VPG A0l K2 A 7 B
SR MK 63 m, 6f T O T SR IX . i [ e I s R R BT AL Pl 527.8 g/m?,
Al DLAN4E%88+11.23 4, 367 JFRLO1-107 774 262.4 g/m?, 0] WAL 2%k 50+15.53 4>, L] A 11 B bk#R
A AT B T AR = ELM R .
2.7 FS{KDNA B ISSR 43 #f

A4 R i rh R AR R R AF 0 R AR HEAT ISSR 4387, 7 14 FL UK 25 SR UL 4, UPGMA 2531 DL KT 5.
ALT(FKIE 4), A37 (KB 5) \A39(JKIHE 6)7E 514 R1-R6 9™ 1 vk I8 I JL-F-A AR B0 46741 H BN 5 364
JFRLO1-107 (VK& 1) 1 JFRLO1-161 (VK& 3)7E A5 %) R1 . R3 RS 9™ HE 45 3 iy v vk [&] b 4541 BRI o B A
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Tab.8 Fusion strain and parental greenhouse cultivation of young mushrooms and yield statistics

(73 AR (A m™) 7/ (gem™)
Bacterial strain Visible number of young mushrooms Yield

All 128.00+7.21 351.90+10.83

A37 180.00+£10.00 131.98+10.38

A39 160.00+50.00 51.02+4.25

B7 23.67+2.52 -

B12 9.67+5.13 -

B17 10.67+6.03 -

B18 18.33+4.51 41.75+6.02

B25 19.33+3.06 -

B26 21.67+£3.51 -

B29 7.00+4.58 -

C1 11.33+3.06 -
Cc2 10.33+6.11 -
C5 9.67+3.21 -
C6 7.00+2.00 -

Cl1 - -

C12 28.67+5.03 -
JFRLOI-161 - -
JFRLO1-107 240.00£72.11 264.51£70.18
JFRLO1-217 12.00+3.61 33.34+2.38

=" IR PRI I R R W R B R

“«

-" indicates that data has not been collected for special reasons.
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JFREOI M JGR 1.0 07 T IEL01 ™1 7. 4700 A39
B3 s

Fig3  Cultivation status of morel mushrooms
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2 XL, LIS P R2 R4 RO 1 25 SR A i ik (&1 L Z5afr (v 1 b U A2z 0], B A 11, A37 ,A39 2 [i]
AP E , UPGMA [ | TEARRIK T £ %00.696 | 5564 JFRLO1-107 43 R AR 32, 22 S8 K IR 2
R T B SEA M bR, BVALA 7= £ A bR . BRI C R AL G RS 26 A JFRLO1-217 78 HL Yk 4571 L
P B, FEARUIK T 2 500.96 1 536 JFRLO1-217 43 AR 52, 25 5488/, AT LA Ky S 5] bk

M12345678910111213f/M 1234 5678910111213

34151067 /8 oMp11 12130 M 1234567 8 910111213

i

M123456 7 8910111213

‘R6

M: Marker, 1: JFRLO1-107.,2:JFRLO1-217.3: JFRLO1-161.4: A11.,5:A37.6: A39.7:B7.8:B18.9:B25.10:B26.11:
C1.12:€2,13:C12, M:Marker, 1:JFRLO1-107,2:JFRLO1-217,3: JFRLO1-161,4:A11,5:A37,6:A39,7:B7,8:B18,9:
B25,10:B26,11:C1,12:€2,13:CI12.

K4 514 RI1-R6 Y 1 HL ik 43 HT

Fig.4 Primer R1-R6 amplification electrophoresis map
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Fig.5 UPGMA clustering diagram of parental and fusion strains
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JUAE AR A B R T A 8 2 T S, T AE TR P A HGE . ARHIFTER AU IR I X
FEAR A ARG B AT 5840 AT 45 2 DNA JR 35 40 5T 2% 35 1Y W0 2R S AR TR , 78 PEG 5 5+ o il
BIC L E AN AT T A0 AR AL RS E VR BEIS , AR I8 e R VL VG AR bR 4 30 19 1B A B0 i TR
JERLO1-161 F1AS i 1 55 %5 1 5 46 15 2 I B JFRLO1-107 FI /S Ik 2F i 1 JFRLO1-217 4E My 36 A . F
Jir A Jo AR 5 RV L 95 7 5 Y JFRLO1-217 il £ £ & 3k 7.7x10°>/mL, JFRLO1-107 F1 JFRLO1-161 %70,
53 58 3.5%10° A /mL F1 2.9x10° A~ /mLo 2R H B SR BEAE AR F4E L 3 B F5 A2 2418, 2351 R 0.093%
0.049% £10.024% , LAl T He 258 1.53% 1Y 1.82% , n] g A 5 Al JFRLO1-107 JFRLO1-161 Al
JFRLO1-217 840 J 3% B[] 43 39 4 120 5,90 s F1 150 s, #CK % I ] &y 150 s, 120 s F1180 s, AL FK 1k
100%. I fitg PR 3 Jr B A AP et 28 7T, %o PAVBURR, 5 At B B AN [m] , LTS B TR 0™, 58 A K TG Bk
¥R 8 R A, AL B SR AR AR 90 s B BBk 100%

Al TR A1 A37  A39 A BI8 th 4 7 Az = ik, Horp AT 7 i U %R L 38 351.90 o/, B2 = T
FA JFRLO1-107 [1) 264.51 g/m®, J& ] H 4% S5 AS 7= 12 1 133.04% . 2047 8 8 AR5 50 0E , A1 =&
527.8 g/m*, ZEA JFRLO1-107 F= 45 4 262.4 g/m’, A1l FS HMRE TERIESSEARSLERAR, BLE
PR B 2 B S R R N B T 2 A AR SR B FE BTG I ISSR % WoR A T 5
HOEARA W BAEPIL A1 SoRA AR 8 (S TR JFRLO1-161 FEAHRUKF- 2247 0.24 4b , 5 25 A AT 3%
R b% 2 JFRLO1-107 7E M Bl R BOUK - 0.696 4b 4 F AN 6] 43 3¢, IEBA Al A AR AT TR TSR A
AT PR . 28 LRTIR Al & TR BR A LT ATV A 3 ‘BT PG S0 BAGHY M DX RS 7 1o 7 55 O i Pl T AR R
T v A A A 0 TR R R A B L, G5 CGMCC NO.40670,
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