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analysis, the tested strains were identified as Morchella eximia. On PDA medium, strain 6278 showed the

fastest mycelial growth and formed the most quantity of sclerotia; mycelial growth of YJ082186 was the

slowest, and 6288 did not form sclerotia. Under the current cultivation mode, 6751-1 had the highest yield
(1.33 kg/m®), and 6288 was next in yield (1.31 kg/m?). Among the nine strains, 6288 showed the best
commercial traits, while YJ082176 has the highest density of fruiting, and the basidioma average size of

6283 was the largest. This study laid a foundation for the screening and breeding of M. eximia cultivars.

Keywords: Morchella; identification; domestication and cultivation

ERE T Morchella spp. 3R & T F % 1 ]
Ascomycota . %L 2 Pezizomycetes . #% H
Pezizales. “FJ1:EFl Morchellaceae, JH4F Y I i
EA S ARG 4, BaREnal. 251
MAETE . FHEE S ZMERND, BiEE
FUs . AR, REELrdE . BokibaW . kR
W) J5i %5 (Tietel & Masaphy 2017; Yu et al. 2020;
Qiu et al. 2024; R EFHE 2024; Xu et al. 2025),
WL, F I 52 B B B piéad
PUARAE LA LA 5 J1 55 VE FH(Liu et al. 2016;
Wu et al. 2019; Xuetal 2021; Tian et al. 2024;
Haider et al. 2025),

FIFEBEE L, SURIIE R F R EME L
SEELMERR X 2o HAT, SR E PR e
TIWEFRIELS & Z R G 0. 5k,
i ITS. LSU. EFl-o. RPBI 1 RPB2 517
Z RS HERE T, WEEE R R m i oy
SRR B Y A (Elata Clade) . # (A ERER &
(Esculenta Clade) 17821 3t 7 52 & (Rufobrunnea
Clade) (O’Donnell et al. 2011),

H 2013 4ELK, “FRERE K DL Ab AR R e
T B G R R GRR R 2022). BT, FEAEr=H
P b s Y S AR B R Morchella
importuna M. Kuo et al. . 7NIRF-EE M. sextelata
M. Kuo FI-E#RFEN M. eximia Boud., JLH7S
IR = T T AR AR 5 T R R A IR = T PRI
WA T 7S IR~ L R RIS i ST 7T i AR
TRV BT R, AELJEC R it e o R AR e 1 PR 1
Hik—P ki E LR ARG RS
EH R HBE I AME T e —
(32 DE15F 2025), HPA= = i A o o R S B Fl
AR AL — LR P O TE RY H A

B A 2R R AT T A R R A A K TR kS
PRI b, GFE L IRE TR L SOk R A
(Miller et al. 2017). SR, T KB =ERERRAER
B A AR, MR IARIA 2024 4F 3 J,
VT B R AR K, 2024 4E 7 AR 8 A, %
BV T HEVL BB SRR, I KA FA R AR
HORAE B T B AR R  ASF ST 4L LR AR HET
BRI O BRIEF A SRR A FIE XS &, FE YA
Y e RS o IR TR RS B R R A R
b AR TV 7 W TR AR , e B S I R R B e
R

1 AHE 7%

1.1 ¥RAREE

bR AR B 1948 H FOs% B 6 MR T
B KRR, SREEHFRZ) 3 100 m, HiAr,
ik 6278, 6280, 6283, 6285, 6288, 6751-1
K 6755-1 WAL FRACRET 2024 48 7 H
30 H ;82183 A1 YJ082176 RAET 2024 48 H 21 H.
FIAT - SARBRALRAE T 00148 & FH 5T BT
1.2 EHSBEREK

FKHZ A8 S0 S wR, FEetERKE,
TETCTR 251 B PR U I 22 A T Al fb 3G 55, I
PAFAPERN . A4k 5 B AR AR AT 4 °CURFE
%Mo
1.3 MZEKERENE

PREC N AL TR B TR RT3 FD 22 PDA 155+
Kb, BT 25 cCHFRAH R TG IE SR . R
KRS, AFTILER(ER 5 mm)BGh %
W22, 3R & PDA B3R .0, 82 BT 25 °C
BRI, B RKRIRE 3 EE . WL
KRR TETE NS R, S VR T 22 K B
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A 5 ming 95 °C7AEME 30s, 53 °CiBk 30,
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SOV FRIT A 98 °CHIAEME: 30 5 98 °CAZE: 10 s,
. LSU. RPBI. RPB2 £ 50 °CiEk, EFl-a
TE 53 °CiR K, 72 °CHEAifi 1 min, 35 MG ;72 °C
ZEAf 10 min; 4 °CLRAF. PCR 12 1%5ihk
BHEE I L ARSI i, 2% AR AE P (U )1 DR AT
RELA R AT I0 )5

RS R B MR EE . X} ITS, RPBI. RPB2.

& 1 PCR AN 5149
Table 1 PCR and sequencing primers

EFI-a. LSU % #t174b ¥ f5 , M GenBank H
7B Ik 2E i o S AR T AP SS9 RPBI. RPB2 .
EFI-o.. 1TS 1 LSU J¥41 . # [ i&)¥ 511 H Muscle
(Edgar 2022)JE1THXT , 4 Mega (Tamura et al. 2021)
k)5, LM PhyloSuite (Xiang et al. 2023)i#47Hf
¥, wJa, VAL R Morchella rufobrunnea 1F
RANERE, FIFH RAXML #4: (http://www.phylo.
org/subsections/portal/)3& T KSR IE E RS
REW .

1.5 JieREA e

1.5.1 EFEFMEAFBFE

PDA }iFet. 05 200 g, HiZ4GHE 20 g,
Bilg 15 g, BETF/KERZE 1000 mL, pH K.
JEAp IR NE 68.3%. AKJE 29.3%. f1JK
1.5%. A8 0.9%. pH A% #HIEFEEFREL: /D
#61.1%. KJE 36.5%. AK 1.5%. AFH 0.9%.
pH HER, EFASHE T : /INE 61.1. KJE 36.5%.
AK1.5%. A8 0.9%. pH HER.

BRI & . e TAES N, SlE aifk
IO 22, P HAL 1 E PDA AlHE IR, B
T 25 °CI5 %35, B35 10d )5, BOCTS YL B
L K IAAF I R FP A o DR G e R G R
FLFL A A4S, ZKEAEEE 2-3 h; FRE4ASE
G, TR T EEFP i 2 48, R a
DL S 4% (18 mm x 180 mm)#% 45 4-6 45K,
Frm 22 KR4S, SRR KA K B 2% i 1
45, DB AR ABDH: I B ASVE R SRR . R85 Fh 0 il
% TELWE T, KR 2 w4, #ha
PLBREAS JFRP L 12 20-30 48R B 2P0 1Y B ASTE
22 °CIERE % 25 d.

LA, 519 Fe4il 275 3R

Locus Primer Sequence (5'—3") Reference

RPBI RPB1B-F AACCGGTATATCACGTYGGTAT Du et al. 2019
RPBIB-R GCCTCRAATTCGTTGACRACGT Du et al. 2019

RPB2 RPB2B-F TAGGTAGGTCCCAAGAACACC Duet al. 2019
RPB2B-R GATACCATGGCGAACATTCTG Du et al. 2019

EFI-a EF-595F CGTGACTTCATCAAGAACATG Kauserud & Schumacher 2001
EF-1R GGARGGAAYCATCTTGACGA Du et al. 2019

ITS rDNA ITS4 TCCTCCGCTTATTGATATGC White et al. 1990
ITSS GGAAGTAAAAGTCGTAACAAGG White et al. 1990

LSU rDNA NLI GCATATCAATAAGCGGAGG O’Donnell et al. 1997
NL4 GGTCCGTGTTTCAAGACGG O’Donnell et al. 1997
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1.5.2 iz

S b 0 3 B R A B . R TE TS Y HL AR T K
TR LT, BIRERTSE SOt A A KRR, T
FHABE A IR 3 pH (R E 6.5-7.5; -
ok R 5 T BT E SUR T, RITE AR K
20 m, $i1 m, HEMEETELY 0.4 m G (BRsES
2016); feJrbeiEK, i HIBEORRRE B,

A T 10 A TR T, B R
187 52 KM o F PR R0 38 S 3 1 IR, #%&
EPEHIE 0.3-0.5 kg/m®; RIS, e R)ZHE
SEIERFZ 1-2 em 35

BIASIRCE : R — )5, ML ER)Z
[F) B L B 1 TR 22 s, BIVRT RS SR A e s
FRAS— MR 3-4 A8 F T4 T/ML A D8
LA — TR N, B B IR A L S - ek
Feor L, B 6 4%/m’,
1.53 HiEETE
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&, FRAEA KEBBUK, I RRIERSIER
FTFF R0 P 308 BT D), GRIE A PN 2 S, ol
P PSR R TE 18 °CLATR L a8 SN R HE
TE 90%4E A o

s SR R MR R RELE 10-22 °C, kit
B IR T B AR VR B s R S | R s R B AT
BEHA RIS 2 peK, (R Z IR, NS

SRR BE R FFTE 60%—75%

Kl B KE 11-15 ecm I, BIA[ R
W5 SRS, /N D4 7 Sk i [R) G R 1 +
BRI —IFHIBR, FEAERAR P

2 EREHM

21 RERERDTFEEER
2.1.1 EREE

FELA ) 85-185 mm., [ # ey 60—120 mm,
AL FE 40-80 mm, ITEFIE ERER, A
BOE, thas, EEEAG L @B B E T
B 1422 58, HRZHY, SHazia,
BEAE B S ERRE 1), HEARE AR89
@, FHE, K 2565 mm, H&Z 1.5-3.2 cm,
FIH R RIBORL , 2 TR A A E K
WRJEZ 1-2 mm, F#MAT 16.30-20.17 x
10.84-13.70 um ., #HEDIE . EH . WEYIHZY
(F 2A), T4 231-321 x 16-22 um, ITEFE
2R, WA 8 AT HEH T (& 2B).
212 HFEE

AMFFR P PARH) 9 HREFAE R IFHHE
£ %E GenBank, JFAEFES &K 2,

K A B KA AR P (maximum  likelihood, ML)
MR ITS REEELBEMIE 3)Bon, 9 tREFAF
TR (6278 . 6280, 6283, 6285, 6288, 6751-1,

B 1 F3£ik

Fig. 1 Fruiting bodies of Morchella strains. A: 6285; B: 6751-1; C: 6278; D: 6283; E: 6755-1; F: 6288; G: 6280.
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Fig. 2 Microscopic morphology. A: Ascospores; B: Asci and
ascospores.

6755-1, 82183, YI082176)iy 5Lk FIETHE M.
eximia (HKAS62863 . HKAS62864)E ili,— e iE
MR RIT L, SRR3R 81%,

A ITS. LSU, EFl-a. RPBI. RPB2 X 54~
FEH B R G L BR(E iR, 9 #REFA
FHE S LR EE M. eximia (HKAS62863 .
HKAS62864) % T Al —4332 , HZHFIK 100%.
X—2EREET ITS A EMN RS L & W
1FE510— 5 RS R — U R G kB RN

(genealogical concordance phylogenetic species
recognition, GCPSR) i ik 45 A IB A= Rk, Al

B e O BRI A S I R E L IR FRE R M. eximia.

*2 HiFRHEERNERS

Table 2 GenBank accession numbers of the tested Morchella strains

2.2 BLEKEFMN

Hkk 6278, 6755-1, 6751-1. 6288, 6278,
6280. 6285. 6283, 82183, YJ082176 7E PDA
Rigpde B 25 oCk g 2 d e 2 E KAE I WA 5
i 3, HARRI K. bk 6278 WP K HE
WP HAD 8 NEERE, K% 16.54 mm/d; FRIRE
YJ082176 MR 22 E K S A%, 4 12.09 mm/d;
bR 6755-1 WP 22 e, HARTAMRICH 2
250 Wtk 82183 AR Z L, HAREKHI
Wi 225

Hkk 6278, 6755-1, 6280, 6285, 6283 7
HFRH 4 RIFIRIE A, H 6278 JE UM A
Mm%, 6751-1, 82183 4 5 RITIHIE A
¥, YJ082176 WIS 7 RITUATE M H#% . 6288
KRIC R o BT TRAR B 2200 A5 S 1, Je
B R AR IR | RAR iR, H
H, 6283 il 6751-1 P AEM AR R L | BRI,
HAawr- A aZ LB
2.3 REMRK

Ak 5 G 5 SR R TR, 7 AR R PR S S
TN FE AR B A AR AR 22 5, o, 675141
6288 f AL HIE(67 d), 6755-1. 82183 fch it i
(75 d). B JWAEZES, Hrh 6751-1 77
e, k%) 1.33 kg/m®, 6288 FEEIRZ, iAF
1.31 kg/m*, 6755-1 P2 AAK, M 0.62 kg/m’,

H RIS 25 RIS BN, AR B RAR TR A
E 2R 6, % 4) itk 9 BEFENFH 6283
FRARFEEI RS RR (S 13.6-17.9 cm, %% 5.1
8.4 cm), WARKANEE (NI 2.5-3.9 cm, Hl 2.3—

ey S RS
Strain GenBank accession number
ITS LSU EF1-a RPBI RPB2

6278 PV874425 PV875635 PV877865 PV877847 PV877856
6280 PV874424 PV875634 PV877864 PV877846 PV877855
6283 PV874423 PV875633 PV877863 PV877845 PV877854
6285 PV874422 PV875627 PV877862 PV877844 PV877853
6288 PV874421 PV875632 PV877861 PV877843 PV877852
6751-1 PV874420 PV875631 PV877860 PV877842 PV877851
6755-1 PV874419 PV875630 PV877859 PV877841 PV877850
82183 PV874418 PV875629 PV877858 PV877840 PV877849
YJ082176 PV874417 PV875628 PV877857 PV877839 PV877848
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HKAS62877 | Mel-34
100 HKAS62875 | Mel-19
%Eﬁgggg‘?}? I Morchella importuna
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100 —Ml4

L M447
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| Morchella rufobrunnea

0.05

3ITS ZG A B
Fig. 3 Phylogenetic tree based on ITS sequences.
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Fig. 4 Phylogenetic tree constructed based on the combined five-gene dataset.

250230-6



FiE F | TIAKRRE G F R RIS

EYER | ARILI

& 5 PDA FARIEF 2 d FEERSHHE
Fig. 5 Colony morphology characteristics in 2 days on PDA medium. A: 6278; B: 6280; C: 6283; D: 6285; E: 6288; F: 6751-1; G:
6755-1; H: 82183; 1: YJ082176.

®3 HLEKE

Table 3 Mycelial growth characteristics

LS [k WIAZRCEE B
Strain Mycelial Quantity of sclerotia Significance (P<0.05)
ENSUY Bt
Growth rate/(mm/d) Color

6278 16.54+0.11 VA, JEHtEe +++ a
Initially white, becoming brown

6288 13.59+0.03 VI AG, FEtEa - b
Initially white, becoming brown

6751-1 12.90+0.14 WA, JEHtEe + c
Initially white, becoming brown

82183 12.86+0.14 WA, JEHtEe ++ c
Initially white, becoming brown

6755-1 12.52+0.15 VIHA M, FEiEa ++ d
Initially white, becoming light brown

6285 12.50+0.01 VA E, 5k a ++ d
Initially white, becoming brown

6280 12.38+0.03 VIHA M, EIEiEa ++ d
Initially white, becoming light brown

6283 12.54+0.03 YA E, ke + d
Initially white, becoming brown

YJ082176  12.09+0.07 YA E, ke ++ e

Initially white, becoming brown

I +HFRREROR, HFRRERES, HHEROREERER, -FORER; ARVNE TR P<0.05 KFH9ZE S B
Note: + Indicates a small number of sclerotia; ++ Indicates a moderate number of sclerotia; +++ Indicates an abundant number of
sclerotia; - Indicates the absence of sclerotia. Different lowercase letters indicate significant differences at P<0.05.
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6 EIREIHEEIFER

Fig. 6 Fruiting of the nine strains. A: 6278; B: 6280; C: 6283; D: 6285; E: 6288; F: 6751-1; G: 6755-1; H: 82183; 1: YJ082176.

2.7 em), ZfElfk, WEEME, N5k,
YJ1082176 Wy #E% B K, (HF SRS
/N 10.1-13.2 cm, $& 4.7-5.4 cm),

AN AR TSR T S ERIE AN T« 6755-1
PR MR o, R AT, s s TRRREL
6751-1 WEKBEEEA, EREE, AU
%2 WWFLE AW, 6288 M, AT,
MU Z; WIRFLEAG, B, 6280 ke
R e, BIE, M8 WAL A A .
6285 T i Bt (0, MM (0 R A, RIHEE,
gL WELAE . B . 6283 B s S
o, ERHTE, MyEZ; mmzlaa., 8.
82183 M mi vk (., IEREMIE R RHEIE, ML
B, WmFlra ., 5K, YJ082176 [ Mk
WwEE GG, TR, MaL; mHinzle
. 6278 W KM, IR, Bag b,
PR L 1 i B

ZEA TR AT SRR, kK 67511, 6288
6280 RJAE NIk = JH BB o R RO A R
KR o

3 ik

H AT, Fll A 5 2 I B R R 24008 1 BT
AR T B I 40 R G B ARSI R R
W55 2024), D01 Za 6 = & 10 HF A S I B B0,
JCHSEAERN IS 2R T AT B B S (BB A
2017) ASMWFFEXRTR A WU AT E KB HI 9 #k
P A S TR A T R AR B, DA R A o
JHE B 9 VR A ORI AN i e B B S

A IR A R A B 5 A K e Hh i 4T
P, BEPREEAE BRMCK K 1 - F e FE (Miller et
al. 2017), FRERDIAESE R SIREIE R . LIRF
JHE B SE IAR  KOPE bRl . AIFSE Y 9 BEE
FEBA YR A 2 KO BIAMRARTT , 3o JCS AR R R i
KA, AR KV EE M 58 A be st A AR
KA FR AR . WA= FRE R GCPSR 4>
BT, X 9 BRI IS LR R . 7Sk
PR A L0 55— B ES S R [RREXT
KB A S R I AT o SR, AHIESE 2R SR A
XA B 7 R K 8 TN A HEVT L KB o it
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Table 4 Morphologic characteristics and production of the nine strains

Itk [LES It s e
Strain Pileus Stipe Discount Production
B KA Hz EAR i KE B rate/%  /(kg/Sm’)
Color Length  Diameter Morphology Color Length Diameter
/cm /em /em /em
6751-1 KBaEwe 6.7-8.7 4.1-51 FREHE FLE Bt 3.5-44 1.6-2.1 9.98 6.65
Grayish brown Subcylindrical ~ Milk white
to brown with yellowish
tint
6288 1w 7.4-11.3 4.8-6.8  [R4HETE A 3.14.1 1.6-29 9.50 6.54
Brown Conical Milk white
YJ082176  #itbits (4 8395 4754 ERME ABE 1.8-3.7 1.6-2 11.35 5.40
FIRAE Subcylindrical ~ Milk white
Olive brown
to grayish
brown
6280 wwtaEme 8107  3.9-55 [REIE FL A o Bt 22-5.6 1.7-2.6 11.17 4.90
Pale brown Conical Milk white
to brown with yellowish
tint
6278 YR AL 9.1-11 3743 SRR FLA o BT 2542 2.1-29 11.66 4.36
Grayish Subcylindrical ~ Milk white
brown with yellowish
tint
6285 WM, 7.9-10.1 3.9-4.7 [RHEE AH@ 2.0-33 1424 11.68 4.46
T A 12 Conical Milk white
EERHE
Yellowish
brown,
olive brown
to pale brown
6283 Ml AE (o, 11.1-14 5.1-84 EFRHE A 2.5-39 2327 8.75 421
Olive brown Subcylindrical ~ Milk white
82183 wiEt 9-11.2 3754 ERFERE A 3.6-62 14-3.1 9.82 3.31
Pale brown [ TE Milk white
Subcylindrical
to conical
6755-1 YR 7599 3747 RERAE HEm 2544 13-1.7 10.72 3.11
Grayish brown Subcylindrical ~ Milk white

PR LTI A I, R K BUNIR LR, X —
G5 R DA T Ay A IR P TR S R S T T B T ey
I RO SR AL TR ARk, LR IR
ST IR A 45 I R FI 7S IR T T
AT AW, (ERRE Ay, IR
JE R R RS SR, HAR AR Bk . AT
6278 6280 6283, 6285, 6288, 6751-1 Fl 6755-1
F IR — KR AE A Rl — X3, (AR 2 J5 R IAD
WA AN, 3 — A UE S IR TR A ] Bk (8] it
e ok, N2 . Hil, it

P P AR AR B R A0 B X —
FEFREE EARF T AR A PR, ek T i bk
AR S

AW, Rk 6278 T F R, A
PRI — M, T 6288 BANTE I,
R i R AR AT o 3X — RIS FE T 3R 5%
(2016)MF5Y : A% s ™ & S IRz (] 3F 0
WMRER R o T BRI, XS B (U A
PDA PHIGFEM, HAESEBR K 54T iR 8L
Ker i N ds it — 2 0uE. A, Bl 9 A
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A R AR EE L AT, H CwRT B
IR 5 iR 2 I H SRR
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